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The methods.employed and the results obtained in a large-scale field test of optical instruments 

are described. The tests were instituted to check the correctness of theoretical considerations and 
of laboratory tests -which have been v.sed in the selection and design of such instruments. Field con- 
ditions approximated as far as possible those in actual service. The test procedure was to approach 
a group of distant targets in a destroyer escort and, using the instruments to be tested, to record the 
ranges at which each target could be first glimpsed, then seen continuously, and finally identified. 
Observations were made by teams of six men on the signal bridge and other three-men teams on the 
number two gun deck and on the lower deck. Tests were m*lti& blocks of six muns, during which six 
instruments were rotated among six men so that each man used a different instrument on each urn. 
Of a total of 190 successful runs, 177 were made at night and 13 in the daytime.  Tests were made 
on the 18 different instruments and some were made with an unaided naked eye. The .50 Relative 
Range performance of the instruments based on the 7x50x7° as 100 is given 
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1. NAVORD REPORT 77-46 describes the procedure and dis- 
cusses the results of a series of field tests on various 
binoculars,  monoculars,  and gun sights,  and states the 
relative merits of each. 

2. The report should be useful to those engaged in the 
design and procurement of such instruments,  and will serve 
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&
    n& t0 £urth!r testing of optical instruments in the 

ne±d.    Comments and suggestions are invited. 

3.      This report does not supersede any existing publi 
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FOREWORD 

Thl3 report describes the methods em- 

ployed and the results obtained in a large- 

scale field test of optical instruments. The 

purpose of these tests was not to supersede 

laboratory tests, but, rather, to supplement 

and verify their results in order to assist 

in the design and selection of such instru- 

ments. The findings of this report show that 

the laboratory testing of optical instruments 

must be supplemented by a large-scale field 

test before valid conclusions may be drawn. 

It has been found, as a result of these field 

tests, that some of the conclusions reached 

solely as the result of laboratory tests have 

been misleading. Laboratory findings, although 

precise and essential, can not cover all of 

the variable factors which affect the per- 

formance of optical instruments when used by 

naval personnel under operating conditions. 

The results of these tests show the need 

foT additional field work of this type, and 

also show that future design and selection of 

optical Instruments should be based on field 

as well as laboratory results. 

Because of rapid demobilization during 

the course of the test, much valuable data 

was accumulated which has not yet been 

analyzed to yield the information which may 

be derived from it.  To obtain full value 

from the experiment it is essential that the 

statistical analysis of the data be completed. 

This experiment, which is the first of 

its kind to be attempted, was performed as a 

Bureau of Ordnance project. All work was per- 

formed by the Medical Research Department, 

C. W. Shilling, Capt., MC, 0. S. H., Medical 

Officer-in-Oharge, U. S. Naval Submarine Base 

under the immediate direction of Lieut. 

W. S. Verplanck, H(S), U.S.N.R.  Lt. Comdr. 

Nathan Pulling, U.S.N.R. acted for BuOrd 

throughout the experiment. 

The present report was prepared by 

Lt. Verplanck, Dr. Charles E. Osgood and the 

remainder of the 3taff of the experiment, 

with the collaboration of the Stanley F. 

Chamberlain organization, and of the Optical 

Inspection Laboratory, Pennsylvania State 

College. The basic reports presents,brief- 

ly, the methods used and the results obtained 

Appendix A presents detailed findings on each 

instrument tested; Appendix B, the full tech- 

nical detail and discussion of all proc3dures 

and conclusions; Appendix C summarizes the 

basic data, and personnel is listed in 

Appendix D. 

vl 
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FIELD TKSTS OF OPTICAL INSTRUMENTS 
NATORD REPORT 77-46 SUMMARY 

Figure 1.    Sighting through the test instruments as the fort is approached,   the observers pick 

up and identify first the fort and then one target after another, while a careful record of 
radar ranges is kept to measure the instrument's performance 

SUMMARY 

The tests were conducted in Gardiner's 

Bay, Long Island Sound, during September, 

October, November and the fir3t half of Decem- 

ber 19^5. These te3ts, the first of their 

kind, were instituted to check the correct- 

ness of theoretical considerations and of 

laboratory tests which have been used in the 

selection and design of such Instruments.  It 

was thought that the laboratory data, while 

precise, could not cover all the factors which 

affect actual performance of the instruments 

as used by typical naval personnel at sea, 

and might mislead designers. These field 

experiments were therefore made under con- 

ditions approximating, in so far as possible, 

those of actual service. 

Briefly described, the teat procedure was 

to approach a group of distant targets in a 

JB1L JEBBL • • «» 

(1) 7x50x7° Antl-Vibration 

Mount  - , 

(2) 10x50x7° 

(3) 7x50x7° 

LEGEND 

(4) 6x50x7° 

(5) 6x^2x12° 

(6) 9x63x5.7° 

(7) 10x70x7 NDRC 

(8) 8x60x9° 

(9) 7x50x7° 

(10) 4x28x10° 

(11) 7x50x10° 

Figure 2.  Some of the instruments tested 

RESTRICTED RESTRICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 STATEMENT OF FINDINGS 

destroyer escort and, using the instruments to 

be tested, as shown in Figure 1, to record the 

ranges at which each target could he first 

glimpsed, then seen continuously, and finally 

identified. Observations were made by teams 

of six men oa the signal bridge and other 

three-men teams on the number two gun deck and 

on the lower deck*. Tests were run in blocks 

of six runs, during which six instruments 

were rotated among six men so that each man 

used a different instrument on each run. 

This rotation was designed to control varia- 

tions resulting from differences in the abil- 

ities of the observers, and in the particular 

* These three observation positions might 
more properly be termed respectively, "navi- 
gator's bridge", "boat deck", and "main deck'.' 
Usage differs on this nomenclature. 

(12) 21x76x2.8 

(13) 6x30x8.5° 

LEGEND 

(1*) 10x80x7° 

(15) 25x100x3.6° 

(17) 16 (or 24) x 96x3.2° (or 2.2°) 

Pleure 3. More of the test instruments. 

(16) 6x33x8° 

(18) 20x120x3° 

RESTRICTED 

conditions of each run. For all tests, at 

least one of the instruments was a 7x50x7 

binocular, held by hand, which was adopted 

as the standard with which all others were 

compared.  Ranges obtained with this instru- 

ment were taken as 100#, and ranges for other 

instruments are expressed in terms of thl3 

7x50x7° range. 

A total of 190 successful runs was made 

during the three-and-one-half-month period 

of the experiment.  Of these, 177 were at 

night, and 13 in the daytime. Tests were 

made on the 18 different Instruments shown 

in Figs. 2 and 3, and some were run on the 

unaided naked eye. The .50 Relative Range 

performance (.50RRP) of the instruments, based 

on the 7x50x7° as 100, is given in Pig.4. 

Besides rating the Instruments, a num- 

ber of conclusions of obvious practical 

value or implication have been drawn from 

the data and are Included In this report. 

These include quantitative results on the 

effects of magnification and exit pupil 

diameter, of the use of mounts, of vibra- 

tion, and on other special problems. 

A secondary objective of the tests— 

to devise a successful method of field 

testing—was accomplished, and new statis- 

tical methods of handling data obtained in 

such tests were developed. Proposed tests 

on aircraft and on sky-scanning procedure . 

were not made because of difficulties in 

securing the aircraft. Tests of the effect- 

iveness of various color filters for haze 

penetration were carried out and will be 

described in a separate report. 

STATEMENT OF FINDINGS 

The principal conclusions derived from 

these tests are summarized as follows: 

(1) For night use a binocular is to be 

preferred to a monocular Instrument since a 

binocular increases the visual range by at 

least 10£. This clear-cut advantage doe3 

not obtain by day, when the monocular shows 

but slightly inferior performance. 

(2) If exit pupil is held constant, in- 

crease in range at night occurs, with in- 

crease in magnification, up to at least 

10-power for a hand-held Instrument, and up 

to at least 20-power for a mounted instru- 

ment. By day, 6, 7, and 10-power hand-held 

binoculars are equally effective, but ranges 

of mounted instruments increase with magnifi- 

RESTRICTED 

cation up to at least 20 power, as they do 

by night. Higher power might have shown 

further increases but suitable instruments 

were not available for test, e.g., the 

Japanese 30x180x2.5 . 

(3) The best all-around hand-held binoc- 

ular was the 10x50x7°, which possesses sub- 

stantial advantages over the 7x50x7 . 

The best all-around mounted binocular 

was the 20x120x3°, which was the most power- 

ful binocular tested, having an ample exit 

pupil. 

(4) The provision of suitable mounts,or 

of rests for hand-held Instruments, will ex- 

tend the range of any instrument by approxi- 

mately 10#. Anti-vibration mounts, if they 
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..50 RELATIVE RANGE PERFORMANCE 
0      10     20     30     40     50 '60     70 

L r. i 

••BBBBHi 40.0(APP) H.H. 
I 

BIIIIIIIIIIIIIIIIIIIIIIIIIBIIIIBIIIIIIM^^ 

'  NAKED EYE 

90     100    110    120    130    140  .150    160    170    180    190 
i.    i      i,    I-    i ; ,i.-   |      I-    I      I      I. 

HB NIGHT 
minimi DAY 
MTD     MOUNTED 
H.H.     HAND HELD 

90.0 H.H. 

97.2 MTD. 

l«:3i;:i;iiii:i:s:ii;:iiiiii;:i;:i:!i;i;iii::i:i;i:i;ii:iias::i:jii:i;ii;iS5:i; 

' 6X33X8° 100.0 MTD. 

88.0 MTD.(APP) 
Jlllllilllllllillliiiiiniiira 94.0 MTD. 

M5.5 MTD. 
III.5MTD. 

115.5 MTD. 

I 114.6 MTD. 
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50 RELATIVE  RANGE PERFORMANCE ' 
3'    10     20     30     40     50     60     70 '  80- 90    -100    IIÖ    120 .130    140    150    160    170 : 180    190 

I.     I      I .   \'    I'     I   -.'•] -. I'!•!'__-_L JJ L 

179.9 MTD. 

173.5 MTD. 

188.0 MTD* 

iiniMiiiiuiiiiiiniiiiiiiiiiiiiiiiiiiiiiw I 193.0 MTDl 

*These  results   could be obtained only with well   trained 
I   men, others obtained much lower values,about   130% 

Figure >t.    Results of the tests.  Relative day and night ranges attained with each instrument. 

Performance of the standard 7x50x7° binocular,hand-held,  is taken a3 100 
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are fully developed, should lead to even more 

substantial gains, especially by day. It is 

strongly urged that suitable mounts, or elbow 

rests, be provided wherever binoculars are 

employed. 

(5) Differences among instruments are 

most striking in the sighting and identifica- 

tion of targets in known positions at night; 

in search problems such differences are less 

marked. 

BASIC INFORMATION 

(6) Several phenomena, some unexpected, 

relative to the use of optical instruments by 

different observers, and under different con- 

ditions of visibility were discovered, and. 

require further research if the most efficient 

use of optics is to be obtained. 

The rating of the instruments tested is 

summarized in Fig. k.    Supplementary findings 

are reported and discussed in the text and in 

Part II of Appendix B. 

BASIC INFORMATION 

The human eye, with the instruments 

which modern optical design and engineering 

provide for it, remains the only detection 

device which does not betray its presence. 

For this reason, the development of Improved 

radar equipment has not made optical devices 

obsolete, but, on the contrary, has created 

a fresh demand for their Improvement, so 

that they can efficiently supplement the 

information obtained by electronic means. 

This section describes briefly some of 

the problems of optical design, and discusses 

the considerations entering into the design 

of the experimental tests. The section 

should serve both to clarify the terminology 

used and to indicate why the experiment took 

the form it did. 

Critical Problems of Optical Design 

Optical instruments are designated by 

three figures: one, the magniflcatloj of 

the instrument; two, the diameter of the ob- 

jective lens in millimeters; and three, the 

diameter of the visual field In degrees. 

Thus, the 6x42x12° binocular magnifies 6 

times, has an objective lens 42 millimeters 

8 

o in diameter, and covers a visual field 12 

In diameter. The exit pupil diameter may be 

obtained by dividing the objective-lens 

diameter by zhe  magnification. Thus, for the 
o /to 

6x42x12 ,  the exit pupil is -g-, or 7 mm. in 

diameter. The 24x9-6x2.2 monocular telescope 

magnifies 24 times, has an exit pupil of 

96 or 4 millimeters, and covers only a 

2.2° field. Three variables—magnification, 

exit pupil, and field size—are of great im- 

portance in the design of instruments from 

the point of view of vision and compromises 

must be made among them. 

Magnification is the ratio of the linear 

dimensions of the image, as seen through the 

instrument, to the linear dimensions of the 

object as seen by the naked eye. In general, 

high power requires a longer instrument or 

a longer optical path from objective to 

eyepiece. 

Exit pupil is the diameter, in milli- 

meters, of the beam of light leaving the 

optical instrument, which may enter the pupil 

of the eye when the Instrument is held the 
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proper distance from the eye.* The larger 

the exit pupil, the wider is this beam of 

light and the brighter is the image which 

can fall on the light-sensitive membrane of 

the eye. By the laws of optics, increase 

in exit pupil diameter can be obtained only 

at the expense of decreasing magnification 

or by increasing the diameter of the objec- 

tive lens and thus the size of the Instrument. 

Field size is the diameter, in degrees, 

of the circular area visible through a given 

optical Instrument. Increase in field size 

requires larger prisms, thus increasing the 

size and weight of the instrument, and cre- 

ates other technical difficulties in the 

manufacture of the optical system. 

Each of these factors plays a large 

role In determining the effectiveness of an 

optical Instrument In increasing the range 

at which targets may be seen. Magnification 

is Important for both night and day use. At 

all times it Increases the size of the image 

on the light-sensitive membranes of the eye, 

making details visible which would other- 

wise be too 3mall to be distinguished because 

of the limiting grain of the eye.  Further- 

more, the eye is actually more sensitive to 

large objects than to 3mall, especially at 

night. Under a given level of night brightness, 

the eye is bettor able to detect a large, dim 

target than a brighter but smaller one. 

No definitive data have yet appeared from 

the laboratory on the useful top limit of 

magnification for either hand-held or mounted 

instruments. It has been considered that 

vibration of a vessel and tremor of the 

observers head and eye would set a sharp 

*Thls distance is termed "eye relief" or 
"eye distance." 
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limit beyond which further increase in mag- 

nification would have no effect. 

Exit pupil diameter is a factor which 

is significant only at night.  Since the 

pupil of the eye Itself finally limits the 

size of the beam which can enter it, a 

large exit pupil achieves nothing when the 

eye pupil 13 contracted, as it is by day. 

But exit pupil is highly important at night. 

First, the eye needs the maximum amount of 

light possible to function most efficiently, 

and, second, the pupil of the dark-adapted 

eye is fully expanded, 30 that a maximum 

amount of light can enter. Since the aver- 

age individual's dark-adapted pupil diameter 

is in the neighborhood of 7 mm., it has 

been considered that little could be gained 

by manufacturing optical instruments with 

exit pupils larger than this figure. How- 

ever, since many people have larger pupil 

diameters, and since a large exit pupil 

prevents losses of light by "clipping," 

(when it is impossible to keep exit pupil 

and eye pupil exactly lined up), some have 

considered that a definite gain might be 

obtained by further increase in exit pupil 

diameter beyond 7 mm. 

In order to see best at night, a cer- 

tain minimum area of the eye must be 

stimulated uniformly. This area is smaller 

than the magnified field size of all optical 

Instruments used in the service, and from 

the physiological point of view, all glasses 

have large enough field3. A larger field' 

does, however, permit more rapid and effic- 

ient scanning, and is thus important for 

search, and for location of targets of known 

position. 
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Each of these three variables—magnifi- 

cation, exit pupil, and field size—should 

be as large as possible, but an increase in 

any one of them involves either a sacrifice 

of one or both of the others, or else an 

overall increase in size, weight, cost, and 

difficulty of production. Where the size 

or velght of an instrument is limited it is 

necessary to compromise among the three re- 

quirements, and to choose the values of each 

which will meet the weight and size limita- 

tions and still yield the greatest visual 

efficiency. 

Other optical properties which enter 

into design of a lens system are resoi- :ag 

power, light transmission and contrast ren- 

dition. Resolving power is the ability of 

the optical system to measure very small 

angles. Light transmission is the percentage 

of incident light which emerges after losses 

within the optical parts by absorption, and 

by reflection. Contrast rendition measures 

the ability of an optical instrument to 

produce good image contrast at the eye by 

reduction of those factors which scatter 

stray light over the Image and consequently 

reduce its visibility. These factors con- 

stitute an engineering problem in improved 

techniques of design and manufacture. Since 

such Improvements do not require increase 

in size and weight, they do not tend to be 

mutually exclusive as do Increases in 

ma,jallocation, axit pupil and field size. 

WHY: FIELD TESTS ARE HEEDED 

Since the design of binoculars and 

other optical instruments requires a series 

of compromises between mutually exclusive 

qualities, only experiment can prove which 
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compromises give best results. Laboratory 

tests serve to evaluate these properties 

separately and have the advantage of being 

performed under controlled conditions, 30 

that the effect of other factors can be ex- 

cluded. They do not, however, give much 

indication of the weight to be given each 

quality in the ultimate design of equipment 

for general service. There is no assurance 

that the controlled laboratory conditions 

sufficiently reflect the action of all fac- 

tors encountered in actual use. Field 

tests, on the other hand, if properly devised, 

give an overall picture of the performance 

of optical Instruments under the conditions 

in which they will be employed.  If suf- 

ficient tests are performed, under a wide 

range of conditions, the most representative 

performance of an instrument may be deter- 

mined and the effect of the various con- 

ditions may be derived from the data by 

statistical methods. When the results of 

such field tests agree with laboratory re- 

sults, a check on the soundness of both is 

provided, and when failure to agree Is 

apparent, new factors which must be further 

analyzed and studied are revealed. 

DESIGN OF THE EXPERIMENT 

In the design of the experiment, it 

was necessary to provide means for measur- 

ing and controlling the effect of variable 

conditions which might otherwise confuse and 

obscure the results obtained. 

There are three main groups of causes 

which affect the range at which a given tar- 

get may be seen with an optical Instrument. 
These are: 

(a) The quality and design of the 
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instrument U3ed. It Is the object of the 

experiment to measure the effect of these 

factors. 

(b) What Is being looked at and under 

what conditions—that is, the size and 

brightness of the target, and the effect 

of varying weather, visibility and bright- 

ness of background, and sea and ship 

conditions. 

(c) The ability of the observer, includ- 

ing his eyesight, his skill, and his attention 

to duty. 

Variations in target and conditions 

were eliminated by testing six instruments 

on the same target at the same time, and 

therefore under the same conditions of vis- 

ibility. 

Differences between observers were 

minimized by using experienced observers 

and giving them special training in their 

work before the test started. But the main 

control in this respect was to rotate the 

3ix instruments being tested among the six 

observers of a team over the six runs. 

Thus each instrument was used on one run 

by each member of the team. The schedule 

of rotating the instruments among the 

observers over the six runs was based on 

the six by six Latin square, as explained 

in Appendix B, and was set up using random 

numbers, to avoid any systematic effects. 

Comparable three by three schedules per- 

mitted comparison of three instruments in 

three runs by three men. 

In so far as conditions for the tests 

permitted, a standardized procedure was set 

up and followed. Thus, the runs were made 

on set courses, and at constant speed (ex- 

cept where tests for the effect of vibration 

were made), and the night runs were confined 

to moonless nights, when sky brightness is 

remarkably constant. As far as was possible, 

uniform targets were used throughout the 

tests. 

By expressing results in terms of the 

standard 7x50x7° instrument, a common base- 

line is established so that comparisons can 

be made between instruments tested on differ- 

ent sets of runs. 

CRITERIA OF SEEING 

In order to establish when each observer 

sighted the targets so that consistent re- 

sults could be obtained, observers were 

trained to report sighting each target to 

each of three "criteria of seeing." These 

are as follows: 

(a) First glimpse (G)— when he could 

just see the target for an Instant, only to 

have it fade out of sight. 

(b) 100^ frequency (100)— when he 

could see the target continuously in Its 

correct position, but only as a blur or 

blob. 

(c) Positive identification (PI)— 

when he could positively recognize the 

particular target by its peculiarities of 

size, shape, or position. 
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Figure 5.    Courses and speeds for 
night observations.     Idealiv    0„„v!"   

Meally'  6a0h • "-ted at^h^T 
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Figure 6.    Courses and speeds for day observations.    Fort Tyler Is in Gardlners Bay,  at the east- 

ern end of Long Island 
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FACILITIES AND PERSONNEL 

Area of Teat 

All runs were made in Gardiner'3 Bay, 

in the waters at the eastern end of Long 

island. This area provided about 90 of 

land-sea horizon and an equal amount of sky- 

sea horizon reasonably free from lights. 

The lights of the other l80 were neither 

numerous nor bright enough to interfere. 

After V-J Day, more lights appeared, but not 

in sufficient strength to cause serious 

interference. The general area is shown on 

the chart, Fig. 6, which also shows the 

location of Fort Tyler, a ruined structure 

that served as a target Itself, and as the 

site for other stationary targets. Visibili- 

ty in this area during the night experiments 

covered a wide range, from 3,000 yards to 

"unlimited visibility" on certain very 

clear nights. The day observations were 

made under less variable conditions of vis- 

ibility, the visual range being in the 

neighborhood of 8 - 9 miles, due to haze 

and atmospheric refraction.  Sea conditions 

were disappointing, as there were only two 

days when there was any appreciable roll or 

pitch of the observing vessel. 

Courses 

The night courses are shown on Fig. 5. 

One course approaches the fort from the 

southwest (065 T); the other from the north- 

east (210 T). The first course was later 

changed from 055 T, which was first used, to 

O65 T because of the appearance of a distant 

light in line with the 055 course. A com- 
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plete circuit of the courses included two 

approaches to the fort, one with a land and 

one with a sea background, and of one 

approach to each of two search targets: a 

surfaced fleet-type submarine and a sub- 

chaser. These craft were not always avail- 

able throughout the test period. Fig. 6 

shows the day course, which is essentially 

an extension of course 210 T. 

Runs were planned to start at such a 

distance from the fort that it could not be 

seen by the most powerful glass, and to 

continue to a point as close as considera- 

tions of ship-handling permitted.  On some 

clear nights, the ship was turned toward 

the fort at too short a range, and, rather 

than lose the time required to turn back, 

, the run was continued. In tnick weather, it 

was not considered safe to approach the fort 

a3 close as on clear nights, and all targets 

were not seen. Such runs, however, gave data 

on Intermediate targets and also estimates 

of the maximum and minimum ranges of the 

targets affected. 

Night approaches to the fort were made 

uniformly at a speed of 9 knots, except for 

vibration tests at 17 knots. The rest of 

the course was run at 12 knots to save time, 

since the vibration at this 3peed was not 

appreciably greater than at 9 knots. Day 

runs were made uniformly at 12 knots. 

Targets 

The ruins of Fort Tyler itself served 

as one of the targets, and other, artificial 
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targets were mounted on its walls, as shown 

in Fig. 7. The largest wa3 a radar screen 

erected by the araiy for range calibration, 

which consisted of wire fencing supported 

by a wooden frame, and painted orange. 

Viewed from course 210 T, it was 16 feet 

square; from course 65 T, its apparent 

width shrank to 13 feet.  Other targets 

consisted of cylindrical frames covered 

with canvas, which presented the same appear- 

ance from any aspect. These various cylin- 

ders were 8 feet, 6 feet, and 4 feet in 

diameter, with height equal to diameter, and 

with the tops about 12 feet above the top of 

the fort.  The "flagpole" target was two feet 

in diameter by 15 feet high, with a slx-inch- 

by-elght-foot extension on the top. Besides 

the cylinders, two white eight-foot canvas- 

covered squares were used; one of these faced 

the approaching vessel on each course. 

The targets were selected on the basis 

of trial run3, and the sizes adopted were 

found to become visible at.night success- 

ively from a range of 6,000 yards down to 

1,500 yards. Some of the targets were of 

high contrast, others of low, so that the 

effect of contrast on range could be studied. 

For the day runs, additional targets 

containing 3tripes, either vertical or 

horizontal, were added. Complete details 

of all the targets will be found in 

Appendix B. 

It proved unexpectedly difficult to 

keep the targets in operating condition. 

Nearly all the targets were damaged by wind 

and had to be rebuilt at one time or another, 

so that all targets were not available for 

all the runs. 

Besides Fort Tyler and the targets on 

it, two vessels were used at night for 

Figure 7. Unretouched photo of fort and targets, using a telescopic lens at a range of 1,150 

yards.  This is how it appeared through the instruments at the end of the run. Figures of men 

on the fort indicate the scale 
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Figure 8. For observers with mounted binoculars, a Director Mount Mk 51 with a special adaptor 

to hold the binoculars was U3ed. This is the 25x100x3.6° binocular 

search.  One of these was a fleet-type 

camouflaged submarine, which was stationed 

at the position shown on Fig. 5, heading 

north and south. The other search target 

wa3 a submarine chaser (SC) which lay hove 

to at the position shown on the same chart. 

Observation Vessel 

The observation vessel was the U.S.3. 

ROBERT E. PEARY, DE 132. A DE was chosen 

because it was representative of combatant 

naval vessels, large enough to accommodate 

the observers, small enough for the 

maneuvers required and because it carried 

16 

the radar and other equipment necessary for 

accurate range determination. 

Night observations were made from the 

signal bridge and the number two gun deck, 

and by day the number one gun deck, or lower 

deck, was also used. In order to accommo- 

date the six observers on the signal bridge, 

the port and starboard 24-inch searchlights 

and two 20-nim. mounts were removed. Six 

Mark 51 director mounts were installed, four,, 

spaced evenly across the bridge and one on 

each searchlight platform. Adaptors were 

constructed so that the various instruments 
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could be held properly In the director 

mounts. Fig. 8 shows the 25x100x3.6° binoc- 

ular mounted in such an adaptor. Provision 

was made on all three levels for mounting a 

BuShlps Mark 5 Alidade and an anti-vibration 

alidade mount developed under NDRC contract. 

The ship, with the mounts in place, and 

post3 manned, is shown in Fig. 9. For 

observation with hand-held instruments, the 

men were lined up at the forward rail of 

the signal bridge at about five-foot intervals. 

Positions were numbered 1 to 6, from port to 

starboard. The three positions on the gun 

deck were numbered 7, 8 and 9, and the three 

on the lower deck (used only in the day 

runs) were numbered 10, 11 and 12. Height 

of eye for the signal bridge was about 32 

feet, putting the observer on a level with 

Figure 9. All eyes ahead.  Six men on the signal bridge and three on each gun deck making si- 

multaneous observations 
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the top of the fort. 

Personnel 

The personnel required for the experi- 

ment vas considerable. Because of the pre- 

ponderance of night observations and the 

desirability of using every night suitable 

for observation, it was found advantageous 

to have duplicate crews of observers and 

other operating personnel to work alter- 

nately.  Personnel consisted of the shore 

staff which had general supervision and 

direction of the experiment, and the opera- 

tional staff, on board the DE. The duties 

of the shore staff included the scheduling 

of the various runs, planning the tests to 

be made and analyzing the results obtained 

as a guide to further testing. Separate 

crews of men were employed for handling and 

maintenance of  the targets. An operational 

crew consisted of an officer responsible 

for the operation, an officer supervisor, 

a CPO supervisor, a quartermaster to keep 

necessary records and to check data, a 

talker, to call out time Intervals; and 

the observers and recorders at the instru- 

ments. 

A total of 6k  enlisted men 3erved a3 ob- 

servers during the experiment. Of these, 15, 

all experienced quartermasters, signalmen or 

men of other deck ratings from the surface 

fleet, received extensive training before 

the start of the observations. This In- 

cluded lookout training, special training on 

the use of binoculars at night, and observa- 

18 

tions on a scale model of the fort and targets 

in dim light. They were fully instructed 

on the three criteria of seeing used in the 

experiment and in the general purpose of the 

experiment. They knew that it was the 

binoculars, and not themselves, that were 

being tested. With the termination of the 

war, many of the original group were demobi- 

lized, and it was possible to keep only one 

such trained six-man team throughout the 

entire experiment. The others were replaced 

with submarine men awaiting discharge, 

almost all of whom had had lookout training, 

or had served as lookout, but it was not 

possible to give them as thorough training 

on the experiment as the original group. 

After V-J Day, many of the short-time men 

had little interest in the work, and had to 

be handled carefully to ensure that re- 

sults would not be spoiled by inattention 

or carelessness. A group of officer- 

observers were tried, but were unable to 

adapt themselves to the rigid routine re- 

quired, and were not utilized after four 

run3. A number of scientists and other 

technical personnel from laboratories work- 

ing on night vision or binoculars were al3o 

used as observers. They received an inter- 

mediate amount of training and their results 

show some evidence of the lack of practical 

experience in handling binoculars at night. 

Almost without exception, the subjects 

received a visual examination. 

TEST PROCEDURE 
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TEST PROCEDURE 

Scheduling of Tests 

Because of the requirements of the 

tests for moonless nights, the necessity 

of training runs, and the occurrence of 

unforeseen difficulties, night operations 

were limited to six nights in September, 

seven in October, eight in November and two 

in December. Consequently, careful sched- 

uling to make the' best use of the available 

nights was required. Day runs were more 

easily scheduled. Pull details of schedul- 

ing problems and operational dates are 

given in Appendix B. 

Since the plan of the experiment re- 

quired a set of six runs by six observers 

or three runs by three observers, the ob- 

servers were divided into six-man and three- 

man teams. Continuous observation by the 

same team proved too fatiguing, so that 

two six-man and two three-man teams were 

taken out each night, and made their obser- 

vations alternately. The men of the idle 

team served as recorders and the same 

recorder was always paired with the same 

observer.  This alternation had the advantage 

of tending to put all the runs of one set 

on the same coarse, either 65 T or 210 T. 

However, because of it, it was not possible 

to run tho complete test of a set of six 

instruments on any one night, and the set 

had to be completed on the next operating 

night. 

After the schedule for a night's runs 

wa3 drawn up, cards were prepared for each 
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observer, listing the run3 ho would make, 

the stations and instruments he would use 

and other pertinent data. A master schedule 

was also made up for the use of the super- 

visors. 

Running the Test 

At ten mlnute3 and agaia at five min- 

utes before the beginning of a run, warn- 

ings were delivered over the loudspeaker 

system, which enabled the observers to 

check their cards, take their stations, and 

clean and focus the instruments. During 

this preliminary interval, the recorders 

filled out the headings on the data sheet 

and the supervisor checked to see that all 

observers were at their proper stations. 

The beginning of the run was announced 

over the loudspeaker, together with the time, 

date, course and number of the run. At 

fifteen-second intervals thereafter, the 

mark number was announced, this being the 

number of fifteen-second Intervals since 

the beginning of the run.  On alternate mark 

numbers the range to the targets was measured 

by radar and recorded on a range sheet. 

Radar ranges were checked against a plot 

of the course made by the Dead-Reckoning 

Tracer, on which the mark numbers were also 

recorded. As each target came Into view, 

the observer reported it to his recorder, 

who entered the last mark number announced 

In the appropriate space of the data sheet, 

Fig. 10. 

After completion of the run, the ob- 
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Figure 10.    Observer's Data. 
Sheet.    Figures shov mark num- 
bers      Shoemaker first glimpsed 
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Figure 12.     Plotting Sheet,  or Range Sheet,  is a record of the bearings and ranges to the targets 

Mark number 8,   in this case,  corresponds to 6,000 yards from the fort. 
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Figure 13. This Summary Data Sheet shows, for all observers and instruments in a set of six 

runs, the ranges at which Target 3 (radar screen) wwas continuously seen (lOO* seeing).  Compu- 

tations for this -et are performed on the bottom of the sheet. 
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TREATMENT OF DATA AND RELIABILITY OF RESULTS 

server filled in the comment sheet, Fig. 11, 

giving his ratings of the instrument hi had 

just used. Data sheets for the run were 

then collected and checked to see that none 

were missing and that the headings were 

complete and legible. A run-by-run log was 

kept by the quartermaster of all pertinent 

data and a weather sheet was filled out for 

every three runs, or whenever the weather 

changed. 

The actual runs averaged from 35 to 

50 minutes In length with a 15-mlnute 

interval during which the DE maneuvered 

into position for the next run. 

Observers were cautioned to make their 

reports in a low tone of voice, so that they 

would not influence the reports of the 

observers on either side. This rule was 

enforced by the supervisors and evidence 

indicates that such Influence aa may have 

occurred was insufficient to affect the 

results. 

The recorder paired with each observer 

also served as prompter, reminding the 

observer which criterion he had reported, 

and on which targets, and what targets he 

might be expected to report soon. It was 

found that without this prompting, some 

observers would forget to report things they 

obviously had seen—i.e., they might omit 

positive identification of an easy target 

even after a smaller target had been 

Identified. 

Pjta Sheets 

The data sheet filled out by the recorder 

is shown In Fig. 10, and the comment sheet In 

Fig.11. Figure 12 shows the range sheet filled 

in by the radar operator, giving the ranges 

for every other mark number and showing cor- 

rections made by the DRT. One 3uch sheet was 

filled out for each run. These data were 

then summarized on the data sheet shown in 

Fig. 13, which covers the sighting of one tar- 

get to one criterion on a set of six runs. 

The instruments are identified by the capital 

letters at the head of each column.  In the 

column is the name of the observer and the 

range in yards at which he reported on each 

run. On the last line Is the average range 

of all six observers. This data sheet is 

made out for target No. 3, the radar screen, 

for a criterion of seeing of 100#. Similar 

sheets were made out for the other two 

criteria and for each of the other targets. 

It is thus evident that a single block of 

six runs yielded a considerable amount of 

data on the instruments tested. 

TREATMENT OF DATA AND RELIABILITY OF RESULTS 

Procedures 

The first step in the treatment of the 

data was performed on  the data sheet, Fig. 

13. The ranges were averaged by instruments, 
T 

(line marked I_); by runs (next to last col- 
N 
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man); and by observers (last column). On  the 

lower half of the sheet, certain operations, 

described in the appendix, were performed 

which measure the probability that the dif- 

ferences among runs, instruments, and 
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observers, are not the result of chance. 

The next step was to express the mean 

range for each instrument as a percentage 

of the mean range of the 7x50x7° hand-held bin- 

ocular, yielding the Relative Range Perform- 

ance of the instrument for one set of runs. 

The results for all targets and all sets in 

which the instrument was used were then 

summated.  The statistical procedure followed 

is treated in full in Appendix B. 

In the combined results, the mean 7x50x7° 

range is taken as the base. The most represen1 

tatlve measure of the performance of any other 

instrument is the .50 RRP, which is the per- 

centage of the mean 7x50x7° range which will 

be equalled or exceeded by that instrument 50$ 

of the time*. The .50RRP of the 7x50x7° blnoc- 

* Literally the percentage of the mean 
7x50x7 range which has five chances in ten 
of being equalled or exceeded by the mean 
performance of the instrument compared. Prac- 
tically this means the same thing. 

80      90      100     110     120 
PERCENT OF  MEAN   RANGE OF 
HAND   HELD   7X50X7° BINOCULARS 

Figure It. Probability graph, showing the 

Relative Range Performance of a hand-held 

7x50x7° monocular.  Solid line indicates 

day, and dotted line night tests. 
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ular is, of course, 100.0. The full relative 

range performance curves for each instrument 

give more information on the Instrument's per- 

formance: they give the probability that the 

instrument will give performances equalling 

or exceeding any percentage of the mean 

7x50x7°range. Such curves may show, for ex- 

ample, that there is one chance in ten. that 

the instrument X will give ranges thirty per- 

cent greater than the standard, as compared 

with one chance in ten that the instrument 

Z will give ranges only ten percent greater, 

even when their .50 RRP's are identical in 

value. The Relative Range Performance Curves 

obtained on each Instrument on each set are 

given in Appendix A. 

Figure Ik  Is a typical graph. It shows 

that, In a series of day observations with 

the 7x50x7 monocular, 50# of the ranges 

will be 98$ or more of the mean ranges 

obtained with the standard 7x50x7° hand-held 

binocular, that 10$ of the ranges will be 105$ 

or more of the standard, and 90$ will be at 

least 95$. Similarly, the dotted line for 

night observations shovs the 50$ value to 

be 90$ of the standard, the 10$ value about 

97$ of the standard, and that 9 out of 10 

observations will yield ranges at least 8556 

of those from the standard instrument. 

Thus the curves express the performance in 

terms of the frequency with which'such 

performance will be exceeded. 

Tests for Reliability of Results: 

A number of tests were made of the data 

obtained, designed to check its general 

reliability. They are fully described in 

the appendix, and will only be briefly men- 

tioned here. 
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Analysis of Criteria of Seeing: The 

ratio between the ranges at vhioh first 

glimpse, 100£, and positive identification 

occurred were computed for all the tests, to 

check how definite these concepts were, and 

how consistent the men were in applying 

them. Between "First Glimpse" and "100#" 

the ratio was quite uniform for all the men, 

and for the same man from time to time. 

The ratio between "First Glimpse" and "Posi- 

tive Identification" was more variable be- 

tween men, although it was very consistent 

for any one man. These results Indicate 

that the criteria of seeing provided a 

definite and reliable basis for reporting 

and that they were well-adapted to the 

purpose of the test. 

Effect of Variability of Standard 

Binoculars; Since so much of the data 

depended on the 7x50x7°  binocular, tests 

were run on several samples of this instru- 

ment, which optical tests showed to be 

nearly Identical, to see how uniform the 

results obtained would be. The results 

showed that the worst single performance 

fell about 8£# below the average of the 

group, the best about 15# above It.  This 

variability in performance (which will 

appear In the performance of both the stand- 

ard and the Instrument being tested) indi- 

cates the error which may appear In the 

results of a single test of an instrument. 

For this reason, it is necessary to combine 

as many tests as possible to obtain a 

reliable Relative Range Performance. 

Interaction Between Binocular and 

Observer: The hypothesis that certain ob- 

servers might perform better with one ln- 
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strument while others might do better with 

different instruments wa3 tested and verified. 

It was found that no one type of instrument 

was best for all observers; some men perform 

better on one instrument; others on a dif- 

ferent one. For some Individuals, this 

effect was large, and for this reason, It 

is necessary, in making tests of optical 

Instruments, to employ a large number of 

observers so that the average performance of 

the instruments will not be thrown off by such 

Interaction. Since this Interaction occurs, 

it is highly important to determine its 

causes, and to develop means of selecting 

the right equipment for each man, or of 

selecting men who are adapted to most effi- 

cient use of the equipment available. 

Effect of Position on Ship 

For night observations, the ranges ob- 

tained by observers on the gun deck averaged 

approximately l8# less than those taken on 

the signal bridge. By day, there was no 

appreciable difference. Observation from 

the lower deck was poor on some days due 

to wind and spray. A comparison of the 

results from the six stations on the bridge 

showed little difference except for Station 

6, which seems to yield poorer results. A 

full discussion of this problem is found In 

Appendix B. 

The general result of these investiga- 

tions of the reliability of the data was to 

underline the need for using large numbers 

of observers, instruments and sets of run3, 

as was originally planned. Results from a few 

runs on a few Instruments might be considerably 

in error because of sampling errors and inter- 

action of instrument and observer. 
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The results summarized here are ex- 

plained In full detail in the appendices, 

together with tabular and graphical presen- 

tation of the data.  One conclusion stands 

out — namely, that the field tests per- 

formed have proven themselves a valuable 

tool to supplement, to confirm, and, in some 

cases, to disprove, laboratory findings. 

Such practical evaluation of the performance 

of the Instruments may serve to place the 

whole procedure of optical design on a 

sounder and more practical basis. 

Comparison of Instruments: 

Utility of Optical Equipment: 

A number of te3ts using the unaided ("naked") 

eye as one of the "instruments" showed that 

at night the ranges obtained with the stan- 

dard 7x50x7° binocular were about 250^ those 

for the naked eye.  In day observations, the 

binocular advantage was 122^.  The night 

value checks very closely with those of 

other field tests on sighting naval vessels, 

but are lower than might be expected from 

laboratory tests, some of which report a 

7x50x7° binocular advantage as high as 6. 

The most reliable comparable laboratory data 

yield an advantage of 1.1 compared with the 

2.5 obtained In the field. 

The Advantage of a Binocular over a 

Monocular: By night the ranges obtained with 

a monocular averaged 91# of the range of a 

binocular of the same optical properties; by 

day, about 99#.  The less the illumination, 

the greater is the advantage gained from the 
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use of binocular vision. Thus, binoculars 

are decidedly preferable to monoculars by 

night, not only for their Increased range, 

but because of their greater comfort, accepta- 

bility and ease of use. The quantitative 

findings of this field experiment are in 

close accord with both theoretical predic- 

tions and with laboratory findings. 

Hand-Held Binoculars: Tests were run 

on a series of binoculars held in the hands 

without support for body or elbows, ranging 
o o 

from the 6x42x12 to the 10x50x7 In power 

and to the 9x63x5.7° In size.  The 10x50x7° 

was the best of this group for night use, 

yielding .50 RRP'3 of 106.7 on the signal 

bridge and 117 on the gun deck* as compared 

with the RHP of 9k  of the 6x42x12°. Consid- 

erations of size and weight sharply limit 

the exit pupil and magnification which can 

be combined in one instrument designed for 

hand-held use.  No substantial difference 

appeared among any of these instruments in 

the daylight series of tests; all were equiv- 

alent . 

Mounted Binoculars: A series of tests 

was run on mounted binoculars ranging from 

the 6x42x12° up to the 25x100x3.6°.  These 

instruments were rigidly mounted in the 

director mounts or Mk. 5 alidades.  The 

Relative Range Performance values ranged 

from 91.9 for the 6x50x7° up to 188 for the 

« No reason lias yet been adduced for this 
discrepancy in findings. Stack gases have 
been suggested as a possible reason, but 
these were never noticeable. 
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20x120x3°, which excelled the 25x100x3-6°, 

with its smaller exit pupil" and larger field. 

The mounted 7x50x7° instrument had a .50 RRP 

of 115.5, which indicates the advantage 

secured by mounting an instrument. The 

50 RRP results obtained on these same in- 

struments by day corresponded closely with 

those obtained at night. 

Mounted Monoculars:  A similar series 

of tests was performed on monoculars ranging 

from a 4x28x10° gunslght up to a 24x96x2.2° 

telescope. The gunslght performance was 

53, a little better than the naked eye at 

40. Up to six-power, the mounted monocular 

performance was less than 100. The 

24x96x2.2° telescope gave a .50 RRP of 126.2, 

the best performance in this group. The day 

tests were less extensive and showed the 

low-power instruments performing relatively 

better and closer to the standard 7x50x7°. 

Search Results: 

Successful runs on the search targets 

at night were much less numerous than on the 

fort, due to the occasional absence of these 

vessels from their station, so the data are 

less extensive, and could not be treated as 

fully. Results are sufficiently complete to 

show that ranking of the instruments is the 

same for search as for the detection and 

Identification of targets lc known locations, 

but that the differences between instruments 

are much reduced; all tend to have about the 

same performance. Data were not sufficiently 

complete to permit, as yet, evaluation of the 

role of field size in these results. It is 

anticipated that further statistical analysis 

of the data may throw some light on this 

problem. 
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Summary of Effects of Design Factors: By 

analysis of the results presented, It be- 

comes possible to evaluate the effect of 

such factors as magnification, exit pupil, 

and mounts on the performance of the in- 

struments. 

Magnification: By selecting a series 

of instruments of increasing magnification, 

but having nearly the same exit pupil it 

was possible to develop curves for night 

and day showing the relation of magnifi- 

cation to the Relative Range Performance 

of an instrument. These show that .50 RRP, in 

general, Increases directly with magnifica- 

tion up to the upper limit of the instru- 

ments In the test — 25-power. This result 

Is not in accordance with laboratory find- 

ings, which indicate a much lower power as 

the upper limit of useful magnification. 

Exit Pupil:  A similar curve could 

not be developed to show the relation of 

the diameter of the exit pupil to RRP for 

night use. There is evidence, however, of 

an improvement in performance as the exit 

pupil Is increased from 5 through 8 milli- 

meters. Since this latter size Is somewhat 

greater than the average diameter of the 

pupil of the dark adapted eye, it is doubt- 

ful if greater exit pupils would continue 

to bring better performance. 

In the appendix an analysis of the 

results on three pairs of instruments gives 

a rule of thumb method of estimating the 

relative performance of instruments of 

different magnifications and exit pupils. 

It may be stated that if magnification is 

increased by 33# or more with a loss in 

exit pupil diameter not exceeding 33£, a 

net gain in performance may be expected. 

Instrument Mounts:  Tests were run on 

the standard 7x50x7 supported in various 

ways: hand-held, without support; hand-held, 

with elbows on rail or chest, or in any 

other position selected by the observer; 

mounted rigidly on the vessel in one of 

the director mounts (Fig. 8); and mounted 

in a special anti-vibration alidade mount 

(VFA) (Fig 15). These tests indicated an 

advantage of U5-5 for hand-held rested, 

115.5 for rigid mountings, and 114.8 for 

mounting in the vibration-free alidade. 

It may be concluded that providing any kind 

of mounting for an optical Instrument yields 

Improved performance.  Tests of thj.3 same 

factor in other instruments verify these re- 

sults; 10# to 15$ gain is made. In the day- 

time this is especially Important.  It is prob- 

ably of great assistance to relieve the ob- 

server of the weight of the instrument. 

The effect of mounting the instruments 

was also tested in runs where the speed was 

Increased from 9 to 17 knots, at which 

point the vibration of the ship appeared 

most noticeable. The tests were run on 

Figure 15. An experimental antl-vibration mount designed to reduce vibration transmit- 

ted from the ship 
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the 7x50x7° and the 10x50x7° instruments. 

The performance of low-power (7 and less) 

hand-held Instruments dropped off In the 

presence of vibration. The mounted 7x50x7 

and the 10x50x7° hand-held binoculars were 

substantially unaffected by vibration. 

The mounted 10x50x7° and the anti-vibration 

mounted 7x50x7° showed a possible improve- 

ment. These results are directly contrary 

both to theoretical expectations, and to 

such, laboratory data as are available, 

vhlch indicate that vibration should inter- 

fere more seriously with the performance 

of high-power than of low-power glasses. 

It is suggested that, because the vibration 

Is more noticeable in the higher-power 

glasses, and at the higher speeds, the 

observer makes more, and more successful, 

efforts to compensate for it. More research 

is greatly needed in these problems. 

This test also emphasizes the gain in 

performance of the standard hand-held 

binocular when the observer rests his 

elbows on the rail or otherwise braces 

himself against the ship to steady the 

instrument. This gain makes it practically 

the equal of the mounted binoculars. 

Fixed Focus:  Two of the 8x60x9° 

binoculars were set at fixed focuses of -1 

and —2 diopters in the Submarine Base 

Optical Shop and were tested against each 

other and the standard binocular. The 

average results with these fixed focus 

instruments showed a slightly better 

average .50 RRP with the setting fixed at 

-2 diopters. Thus, the use of this fixed- 

focus would be advantageous on the average. 

However, analysis of individual performance 

showed wide variations, some observers 

gaining as much as 33# with -2 d as com- 

pared with -1 d, others losing 12&S of 

the range. It would probably be desirable 

to use more than one focus on fixed-focus 

Instruments and fit them to the observers. 

It is important to note that the observer's 

own focus setting offered no clue to the 

fixed focus with which he might achieve 

longer ranges. 

Head Rests: A study of the usefulness 

of head rests was made. They had almost no 

effect on performance. Consequently no 

substantial error is introduced by comparing 

the larger Instruments equipped with head- 

rests directly with other instruments not so 

equipped. Many of the men preferred the 

headrests and they are acceptable if prop- 

erly designed, since they will neither help 

nor hinder the visual task. By adding to 

the comfort of observers they may make 

them more efficient in the standing of 

long watches. 

Subjective Evaluation of Instruments: 

Correlation studies between the ratings 

of the instruments made by the observers on 

the comment sheets (see Fig. 11), and the 

actual performance as measured by the test 

were made. These studies showed that the 

experienced observers, who were familiar 

through long use with the various instruments, 

could evaluate them remarkably well in terms 

of their actual performance. Upon analysis 

it proved that the evaluation of an instru- 

ment 13 based not only on its visual effi- 

ciency, but also on a "comfort" or "ease of 

handling" factor, which contaminates the 

judgment.  It is therefore urged that a 

Figure 16.  Observers and recorders worked together and reversed their jobs on alternate runs 

skeptical eye be kept on such evaluations, 

especially by those who have not familiarized 

themselves with a series of Instruments. 

Interaction: 

Attention is again drawn to the pre- 

viously cited findings that all men do not 

perform best with the same binocular; some 

do better with one, some with another. The 

Implications of this finding are many, and 

It Is clear that further research is needed 

on the problem, since design and procurement 

of binoculars, or selection of personnel 

for use of equipment must be adapted to It 

if best performance is to be obtained from 

both men and instruments. 

Weather and Visibility: 

Weather may affect range performance in 

several ways - through changes in cloud cover- 

age and sky brightness, through roughness of 

3ea, wind and visibility.  Our results have 

not permitted analysis upon the basis of 

the first two of these. High wind appears 

to increase the variability of performance, 

but not at the cost of reducing mean ranges. 

Visibility analysis of the results is not yet 

complete.  Our night data were obtained 

under a wide variety of conditions, ranging 

from haze (2-3 miles visibility), such that 

operations necessarily were suspended, to 

unlimited visibility, and so are representa- 
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tlve of all conditions. Day observations 

were made under average to poor conditions 

(8-9 miles visibility). Visibility analysis 

must be pushed further, to determine 

whether certain binoculars perform better 

in poor visibility, to permit evaluation of 

the ranges by comparison with laboratory data 

and to evaluate the various visibility 

nomographs which have been presented for 

use by the Navy. 

Differences Between Observers: 

The 76 men who were used as observers 

at one time or another In the experiment 

w,ere classified into three groups: good, 

fair, and poor, on the basis of their perform- 

ance. This classification was not entirely 

satisfactory, because some men were more 

experienced and made more observations than 

others, and some only observed under poor 

visibility conditions. Attempts were made 

to relate the classification of each man to 

the results of a series of visual and other 

tests which he had been given.  The only 

suggestions derived from this analysis were 

that the "poor" group had a slightly higher 

incidence of phoria (tendency to be cross- 

eyed or wall-eyed) than did the "good" 

group, and a higher proportion of Radium 

Plaque Adaptometer scores below 10/10. 

Because of the variations in visibility and 

experience, which obscure the differences 

between observers, a further analysis Is 

required before any definite conclusions 

or recommendations can be made. 

CONCLUSIONS AND RECOMMENDATIONS 

(8) Optical instruments differ less among 

themselves with respect to search problems 

than with respect to the location and Identi- 

fication of targets in known positions. 

(9) It has not been possible to evaluate 

the role of field size; with this procedure, 

field size appears to contribute little, but 

certainly this result 13 not a final one. 

SPECIFIC CONCLUSIONS 

1. That the 10x50x7° 13 a better all- 

around hand-held binocular than the 7x50x7° 

binocular. 

2. That the 20x120x3° binocular is the best 

all-around optical Instrument tested. But It 

was not possible to test a higher power 

Instrument vlth satisfactory exit pupil, 

namely, the Japanese 30x180x2.5°. 

3. That suitable mounts, or at least elbow 

rests be provided at all locations where 

personnel employ binoculars, even If only 

occasionally. 

k.       That Investigations of fixed-focus 

instruments be conducted on large numbers 

of observers. 

5. That further field experimentation be 

performed on the finding that all individuals 

do not find the same instrument best, but 

may differ considerably in performance. 

This has Implications for optical design and 

personnel selection as well. 

6. That further analysis of the data be 

undertaken, to determine the effect of 

field size, visibility, and individual 

differences. 

7. That further research be performed to 

develop a simple, rugged anti-vibration 

mount. 

(1) For night use, a binocular is to be 

preferred, since it will give visual ranges 

at least 10# greater than a monocular of 

the same power, exit pupil and field size. 

For day use, this is a matter of indiffer- 

ence. 

(2) If exit pupil is held approximately 

constant, range increases linearly with 

power up to the highest powers which were 

tested, for both monoculars and binocu- 

lars, hand-held and mounted, night or 

day. Only day hand-held binoculars stand 

out as the exception to this finding.  It 

was not feasible to determine the upper 

limit beyond which further magnification 

contributes nothing. 

(3) For a given magnification, an exit 
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pupil increase from 7 to 8 millimeters 

yields definitive gains. 

(4) In balancing exit pupil and magnifica- 

tion, it appears that if 33# or greater 

increase in magnification can be traded 

for a drop not greater than 33# In exit 

pupil diameter, a small net gain in range 

can be obtained. 

(5) The provision of suitable mounts or rests 

may be expected to extend the range of any in- 

strument by at least 10#. 

(6) Head rests are of little, if any, value. 

(7) Fixed-focus instruments may be of sub- 

stantial benefit to some individuals. How- 

ever, selection of the proper fixed setting 

Is critical, and perhaps two fixed focuses 

should be used and fitted to personnel. 
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APPENDIX A 

Detailed results of the tests are shown 

in this appendix. 

Table A-l lists the Instruments and the 

runs In which each was tested. The Instru- 

ments are grouped Into hand-held binoculars, 

mounted binoculars and mounted monoculars. 

Tests whose results were excluded from final 

calculation of the summary curves are indi- 

cated by foot-notes. Within each group the 

instruments are arranged, first, in order of 

magnification and secondarily, according to 

size of exit pupil. 

The balance of the appendix gives data 

on each Instrument as follows: 

(a) Three views of the instrument. 

(b) Table of optical properties. The meas- 

urements given were obtained from an examina- 

tion of the instruments at the Optical Inspec- 

tion Laboratory, the Pennsylvania State Col- 

lege. Where more than one Instrument of the 

same kind was used, average values are pre- 

sented.  The individual instruments, even of 

different manufacturers, do not differ 

greatly from these averages. 

(c) A series of Relative Range Performance 

curves, as obtained from each set of runs 

in which the instrument was tested, and the 

numerical value of the .90, .50, and .10 

RRP's from each curve. 

Table A-2 lists a number of corrections 

which should be made to the graphs as pre- 

sented. 
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TABLE A-l 

SUMMARY OF TESTS MADE OF EACH INSTRUMENT 

SB - Signal Bridge 
LD - Lover Deck 
GD - Gun Deck 
HR - Head Rest 

Instrument £oc,°~ Time Sets 

NAKED EYE 
SB Night HA-1, HC-1, HY, 

HZ-1*, HZ-2 

LD Day CG, CQ 

MONOCULAR 
7x50x7° HH SB Night HA-1, HiA-2, HC-1 

H3C-2, HY, HZ-1*, 
HZ-2 

LD Day CG, CQ, CjA, 

GD Day kD 

HAND-HELD BINOCULARS 
6x42x12°   GD    Night D120*, D12P*, D12a*, 

3i2r*, Wg-1, Wg-2' 
WE-1, Vh-2, Wi-1, 
Wj-1, Wz-1, Wz-2, 
W3l-2** Vsi-3, 

7x50x7 

GD 

SB 

GD 

Day 

VsJ-2** WsJ-3** 

vC, vB 

Night R4, B3**, BD, BE, 
3iX, BgA, BSF, EH, 
EJ, EA1, HxA-2, HC-1 
E,c-2, HY, HZ-1*, 
HZ-2, MA, M3, M,D** 
MTE, ?lA, PD, P7F, 
?G, VD, VE, IAF" 

Night Aa-1, Aa-a, Ab-1, 
Ab-2, Ac-1, Ac-2, 
Ad-1, Ad-2, Fa-1, 
Fa-2, Fb-1, Fb-2, 
Fe-1, ?e-2, Fi'-l 
Ff-2, Vg-1, Wg-i,' 
Vh-1, Wh-2, E^i 
2^.i. Djk, w; 
BlO-"., BlOj, DlOO, 
310F. i>12ö*, D12C*, 
^q*. 3:ar*, Hi", Hj, 
Hk, HI, Wc-1, Wz-2, 
VI-1, Vj-1, V3i-2** 
Vs.i-2**, Vsi-}, 
'»'s 1-3 

*vi cL OH , ClL 

Ti F' • =£, nj 

vr. v5, **£ > bR 
-"*&, -'"i. JG bS 

Ai-1 

• AS 

. V* 

AC-1, 
A;-: 
?(i:5j 

H.'. Hk 

HH - Hand-held 
HHR - Hand-held rested 
MTD - Mounted 
VFA - Vibration-free alidade 

Instrument 
Loca- 
tion Time Sets 

Wh-1, Wh-2, Vi-1, 
Wj-1, Wz-1, Wz-2, 
W-i-2**, W.j-2** 
W3i-3, W3j-3, 1AF 

GD Day vC, vB 

7x50x10° 
Headrest 

HH 
SB 

GD 

Night 

Night 

HA-1, HiA-2, HC-1, 
HlC-2, HY, HZ-1 * 
HZ-2 
Aa-1, Aa-2, Ab-1, 
Ab-2, Ac-1, Ac-2, 
Ad-1, Ad-2, 

8x60x9° 
(-Id Fixed 

Focus) 
SB Night HA-1, HiA-2, HC-1, 

HlC-2, Hy, HZ-1* 
HZ-2 

GD Night Fa-1, Fa-2, Fb-1, 
Fb-2, Fe-1, Fe-2, 
Ff-1, Ff-2 

8x60x9° 
(-2d Fixed 

Focus) 
GD Night Fa-1, Fa-2, Fb-i, 

Fb-2, Fe-1, Fe-2, 
Ff-1, Ff-2 

9x63x5.7° GD Night D5i, D5J, 05k, Df,H 

10x50x7° SB Night BA, BB**, BD, BE, 

GD    Night 

GD    Day 

LD    Day 

10x70x7°   SB    Night 
(Johnson Foundation 
Experimental Design) 

MOUNTED BINOCULARS 
6x33x7° 

6x1.2x7 

B3A, BSF, HA-1, 
H^-2, HC-1, HiC-2, 
HY, HZ-1* HZ-2, 
IAF 

Hi, Hj, Hk, HI, 

kD 

ClA 

HlA-2, HjC-2 

6**2x12° 

6x50x7 

SB Night EH, EJ, 

GD Night Ep*. Et* 

SBa Day OL, OH, OiL 
SB Night EH, EJ 

GD Night Ep*, Et* 

GD Night D12°*. D12P*, 
D121*. Dl2r* 

APPENDIX A 

Instrument 
Loca- 
tion Time Sets Instrument ^°n" Tlme Sets 

GD    Night Ep* Et* 

7x50x7°    SB    Night BA, BSA, BB** BD, 
BE, B3F, BiX 

SBa  Day   Kiq 

GD   Day   bR 

LD   Day   bS 

7x50x7°VFA  SB    Night BA, B3A, BB**, BD, 
BE, B3F, BiX 

GD    Day   bR 

LD    Day   bS 

7x50x7°HHR  SB    Night BA, BSA, BB**, BD, 
BE, B3F 

7x50x10° GD Night    D10j,   Di0n,   D10o, 
DlOP 

9x63x5-7°  GD    Night  D5i, D5J, Dgk, 
05m 

10x50x7°    SB    Night BA, BSA, BB**, BD, 
BE, B3F, BiX, MA , 
MB 

SBa   Day   I^q 

10x70x7°   SB    Night BiX, MA', MB, MiD** 
(NDRC) MXE 

10x80x7°   SB    Night PiA, PD, P3F, PG 

SBa   Day   oL, Oh 

20x120x3°  SB    Night MiD**, MvE, PnA, 
PD, PiF, PG 

SBb   Day pE, pF 

25x100x3.6° SB    Night PjA, PD, P^, PG 

SBb   Day pE, pF 

MOUNTED MONOCULARS 

4x28x10°   SB    Night MA, MB, MiD** MiE 

SBb Day mE, mj 

6x30x8.5° SB Night MA, MB, MjD**, MXE 

6x33x7° SB 
GD 

Night 
Night 

EH, EJ 
No*, Ns* 

6x33x8° SB Night BjX, EH, EJ, MA, MB 
MiD**, MjE 

GD Night No*, Ns* 

SBb Day mE, mj 

16x96x3.2° SB Night PD, PG 

21x76x2.8° SB Night PlA.PD, PiF, PG 

SBa Day OiL 

24x96x2.2° SB Night PiA, PiF 
* Set was discarded because of insufficient 
data due to poor visibility. 

** Set was discarded because of incorrect 
scheduling or other reasons. 

TABLE A-2 

ERRORS ON GRAPHS 

Instrument  Set 
Prob- 
abil- 
ity 

As 
Shown 

Correct 
Value Instrument  Set 

Prob 
abil- 
ity 

As 
Shown 

Correct 
Value 

6x42x12 HH Wz-2 90 73 80.2 
7x50x10 HH Aa-1 50 100 96.5 
7x50x10 HH Hk 50 77 83.1 
7;x50xl0 HH D10° 10 106 116 

7x50x10 HH D10n 10 108 118 

7x50x10 HH Wz-1 90 85.0 80.1 
7x50x10 HH I^C-2 90 78.0 82.5 
Head Rest 
7x50x10 HH H,C-2 50 88 92 
Head Rest 
7x50x10 HH HiC-2 10 99 101.8 
Head. nSSt 
7x50x10 HH HY 90 98 91 
Head Rest 
7x50x10 HH HY 50 114 106.7 
Head Rest 

7x50x10 
Head Rest 
9x63x5.7 

HH HY 

HH 

10x50x7 HH 
10x50x7 HH 
10x50x7 HH 
7x50x10 MTD 

7x50x10 MTD 

7x50x10 MTD 

25x100x3.6 MTD 
6x30x8.5 MTD 
6x30x8.5 MTD 
6x30x8.5 MTD 

D5J 
HY 
HY 
HY 
D10P 

D10P 

D10P 

PD 
MB 
MB 
MB 

10 

10 

90 
50 
10 
90 

50 

10 

10 
90 
50 
10 

132 

121 

90 
108 
127 
98 

112 

126 

204 
22 
44 
68 

125.5 

117 

97.5 
113 
132 
102.6 

116 

130.7 
208 
18 
47 
74.5 

SB Night EH, EJ 

jc 
RESTFTCIE: 

RESTRICTED 37 

adla^^JltaaaaKa 



FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 APPENDIX A -  NAKED EYE 

irvo 
21 1A0 

g 

a"11 coco 
o 
K 

8L 

A).M 0) 
o o 3 
as H 

0] > 
F< U 
<0 CD Tl * » C> 

CO 
R aa « 
III ,U 
01 R 

ores o 
o o u 

>> t» *>>&>> >> 
4J 4J -P -U 4J 
•HTH •>•)•>-( TH 

OlH HrirtH 
W H MHHHTH 

8 ',0.0.0.0,0 
•H-HTH-H-H 

H SH      n n n nn 
E       •H-HVH'HTH K « 

ij 
M 

< irj (Ö cj d Q) a) 
Q      ^4J 4J +> -P -tJ Ü 

H 
CO g äääää 
R +J 4J .p +J .p 
w G G G G G 
o Q) fl) o o o 
H -rH -H -H -H TH 

in s OIOÜOÜÜ 
w 
P 1-1 ^H ^H <*H CH 
•J %-l $-f CH <H "^ s 33PP3 

n n oi in n 
a G G G G 

re 
es 

HHHHH 

B 03 
p EH 

H 9        r-li-l       M<M 

g £S£KS                                             I 

V 
<r U 

Q d 
J 

_1 

T U> 
O o 
o 

LJ 
i Id >- 

§ S? § g g STTs°-* 
30Nvwaoja3d JO Aimavaoud 

•a 
0! 

a 
a 

o 

d 

o 
Ä 
P. 

S 

38 
RESTRICTED 

RESTRICTED 39 



FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 APPENDIX A - 7x50x7 MONOCULAR 

2 o 

0 
AO l-     o 
NCOr-imt—      t— in 

t—o t-o t—a- t-cxirooco 
in in     r- J\0\t— OJ f—1 

•a- 

H 

•w *>, 
p ft 
ao 
o P 

a) 
CO ft 
•P o >R 

2; o).o 
O p aj 

C0>-i 
C 

M •H 
EH << c ö !» 
O O 
H Co -H C 
St 0, -P o 
H •H 
O p  (I) Ü 
W 01 A «H 
CM -0*^ in «H 
CO Co      C <rt 
3 Ü -H p H W 

S •rt a (rt H     * 
U c oud CP     s 

wft     o •H 0)        Ü >, 
frt 
ttt 0> 

c 
•H 

a. >> 
com & ää   - 

o > 10  . i o p 

3 trt ft 1           c 
P too c c C       0) 

Ö 
o 
o 
a 
o 
s 

q p o o o    a 
••"»•H    as 
•o uw 3 

n 
to 

p 

ni
ti
 

am
s 

st
ru
 

CO GHrt c •H T) 
o «* ©TU *- a C •rt ft c 

•H n tlOH 
o 

$ 
o 
IA 
X 
c- 

UOT)feHt( 
a)      H      -H tt> § « 

S GSH 
O ft 0> -u p,^ ft p 
-H (D-H  c   3 rH C n 
CM P ^ d) PL, a ot •rt -PÄ 

At      <K-P ft P.C -P 

bS 

Tr
ue
 

A
p
p
a
 

E
x
i
t
 

Ey
e •§. 

p 
c 

B(0U 
GrH  C 

% 
0) w •H 

^1 
o 
o 

*H CO CO 
WSJ 

£< 1 

o 
ooininin    in 

PS 0,CO ro-st- CM t—      CT\ 
y ooocno     o 
rt|trtHH      H      H 

r- 
pq <T\ 

J 0) 

o £          8 
CO H     w öino o -pin o 

B Sty Hint—CU O fflo-l 
3     ' 0\O\C0C0CTi-rtC0 

H 
U\ 

o o         •         3 H 
B *"                                  <rt 

3 
n 
a 

S3 
W 

3 
j3 QimmooroHin 

^^f t~dcu CM'    C~ 

in 

H t-oot—t-c-   m CO 

s 
o 
E p 

K 
CC Ö 

K 
O 
in 
M 

i-l^-*r-1^^        i   cy 
IH  Id      N  l 

w w w w S*-^w 

H 
H 
0 
ft 
o <rt 
CO 

> 

o 

3 

1 HO O O 
HHH H 

coot inoo o 
S1"1 cAojo'«5 
O C7\0\O C\ 
C5 <-< 
Ot 

§J 

in 
o 
H 

oi oiino in    H 
<no<M on 
COOOCTlOO 

ft 
o 

•rt 

1 
O 
o 

r— O 

5 o 

-O 

2 
ü 

ooooooooooo 
oo)cor--cDio*(Oc\j — 

30NVWHOJcd3d   JO   AiniSVHOad 

to 

< 
_i 

o 
o z 
CD 

X 

o 
LO 

X 

o 
z < 
I 

UJ 
o 
z < 
z < 

LÜ 
O 
cc 
Ul 
a. 

c 
0 

Ä ft 
p 01 •rt H » 3 

c> 
J o 
t- c 
K o 

c> n 
in 
X 01 
i- 

tn 
T) 01 
ft 
a) •p 

•rt •H 
c 
al •p 

•p 01 
n a> 

p 
© 
Ä o 
H •p 

oo  ooooioooö 
o ai   cot^<om*'*''M — 

30NVWa0dcJ3d  dO Aini8V90ad rrt 

'10 
RESTRICTED 

RESTRICTED tl 

O 



FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-^6 APPENDIX A -   6x1*2x12    HH 

o 
-in 

ornS in 

^OOJCUOl t-CTi \OCJ so» 
*H[* H a\C0t-onH *- 

H 

1 — 

s& 
AO 
O P <s 
a> h 
P o V» 
oJP 

O 
P  Bj 
COl-i 

H 

< GO1 

O O    T-l q 
H 1* -p «) fo o •H 
H <P o 
O a) ft •H s © 
CO •H-P H w 

<H 03 
J £S* •H <DH       W    ^ «: a s O-P a) 3 -P £ 
o •H © O ^Mfc 
H a 
t< <» •H mm    QS.G *, 

© a O •H H f( 
+3 COO c c n 
O G-P o 
0} © <J <B w*-* •H •H p •*-: H    a £ © 
.a toia a n 

CO CHH G-H -d o <! ©13 -H a G -rH PH Ö 
0 P O 13 Ix, <H <M G •HUM 

Hi H       -H 0) 01 
O JH <D -P ft-H ^ 
•H <1>W G 3 
«H-P&, <D& 

Hfl 
© a) 

X 
•HO)       S< 
a a d> a w 

BSP FH §,£ 
Ma) 3 P.-H 

& PcX 
© to c fi-H C 

£ Q fr< << £4 PI »1 Ü MSr^l 
F-i  1 

Ü 

a 
S5 

B 

o 

[0 
Cd 

3 

4J -P P 40 

OlHHH 
•Hocomt—OO<JDO 
rH  
•rfOa- O\VO>J0 0\<N o 
*riHOO\HmrtH 
•HHHH       H       H.H 

•iH    -UMA 

SHOSH COO 
oo oooo 

-ri-rti-t *4 >>> 
N W 

oocoo WOlTvVO WO •HHm 

-QO\ OVOlÄ 
>T3C0 TJ t— 0\ 

c     c 
a)      a! «    K 

a 
0) 

•H -H TH -H 
Ol o 
CTJ-H 

3 

© © 
o o oinoomomirvo WöIATJ ir\ro • 

3 • 3 • • n 
H C—r-lo O Ü 
ot- gt-CP> 3 

tH^I- CVJ-=fOM^fO-=T O r 
tiO\CO C-AOCOOD t— 00 ' 
3 

! G : 
(HI 

w    (a 

OJ 

m  a) 
p > 

<MCJ(M(MH0JH<MiHHHCJ   0)'—n 
rHHiHr-tllllllll>^ 01^ 
^— •toto.gi •Hr'N N :*•---:*• 

i * -a 
o-l <» 

•» l   G 

n a — o 
ISO 

i—o 

_   2 o 

—o 

s 
o 

>- a 
< o o 
o o (.5 

m J 
* i 
X X 
I o 

(\l 
CJ X 

1- 

X 

ooooooooooo 
OOTODr-U'm"*tocvJ  — 

30NVWb0dc)3d JO Aini9V80Ud. 

or < 
o 
o 

C2 o m 
x 

O   r- 
cvl 

a 
_J 
tu 

•4   X 
0 
z 

o < 
O    X 

u. o 
u 
z 
< 
cr 
z < 

r-   S 

ooooooooooo oooosciiöitnw- 
3ÖN\/waoda3d JO Ainiavaoad 

UJ 
o 
or 
Ui a 

CVJ 

ö 
3 
o 
a 

•o c 

c 
0! 

t2 

RESTRICTED 

RESTRICTED 

744999 0-47-4 

t3 



IK ^A*!^!^^S!^Si!^SS!^S^^SS*SSSSSSs^SiS!!Si!^^SSSS^SS!!!^S^^SSi^ .   .,,.— .«,—W — m~.**.-* 

FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

m 
w 

o 

H 

SI 

+J +J +D 4^ 
•HHHfl 
HHHH 

•rl-H 
n ra 
•H -H •H-H 

PÜOI      -P-P -p w 

•P.p 
Ö  Ö 
© o 
•HTH 
O o 
rH-H 

3 3 
ra n 
C C 
HH 

•P+> 
c a 

o o 
rid 

3 3 
« m 
C fi 
HH 

flfiflfl 

p o 
a o 

<\l •d 
H c 
X at 
AI 
^J- Tl 
X H 

VJ a> 
Ä 

0> i 

g -d 
c 

^^ j» 
Tl 
<1> £ 
3 -u 
a o 

APPENDIX A -  6x42x12     MTD 

to RESTRICTED 45 
RESTRICTED 



•"'li'-^M ~l 1 i '• ^^v^^^^^^-—   '• • ,,,;'• ,!^5 ^ac^«fcA'jt..^Wr;iil>,irt.^'J). 

FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

5 o 

m 

o 
H 
&l < 
Ü 

H 
EH a. 
o 

2 
ü 

mo t- 
OICOHint— 

in   in   H 

t-CTlCf\ 

P. o 
O P 

9> © SH 
P o 
<to 
p qi 
CO i-l 

c c c o 
© -rl 
0, P 

Ü 
P   0) 
a) ft 

3— co 
D        C 

OJOCO 
CO>aO H 

«I 

1Ü. 

a      g P cd 

-H H SH I 
P M© C 
O GP O 
0) © 3 © S-H 
•nH        S S « 
P wd cd     n 

CO CH-H 0-H 
O       ij OX! TK S 

•P COCUHCH c 
cd rH -H © cd 
O f. ©P p,.H f. 
H«HS3riEl 

(Oftffl 
«P 

«H 
IM 

.SP 
tot. 
•H to 
SJ5 
l  O 

s o 

-J ©      f< 
c a © < 
tflcd 3 s_„ „ w 
cd-H fi O.K [^^ 

I  3 ft-H © CO 

c. 

c © 
O 6 

*"<      ? 
•HBP 
C cd CO 
HhC 
«H OH 
© 

H o 
o 

•HPJ3 
«£U 
© to to 
CHC 
H © © 

2 o 

APPENDIX A -  7x50x7    HH 

ocot—onocwooojinoo HCO 

t—co comoj oivo ojro-a- OJco mHCO <-t 
(HHHHOJOJHOJOJOJOJHCMOJHOl 
HHrlriririHHHHriHriHriri 

oooooooooooooooo 
oooooooooooooooo oooooooooooooooo 
HHHrHHr-|HHHH.-IH.-lr-4Hr-f 

otMroocf\oovooocomoooMM 

tnHvo mc-co^r t—t—*JO t—HIAO\HCO 
co co co co t—c—t—t—t—t—t—cot—t—cot— 

•a a a 

© 

P. < 

x 
t— 

•d 
C 
a) 
.C 

o to HQ r-w n, cyo 05 m vq 5B I 
*>0>!A!ftftOOP^500 

|l-3   H 
! a o •H ft. 

o t—cocooina-cjo\rorHt—mroinvo comoi t—a-«3 mctico o 

int—cö-a-1—cdcAt—rot-.=r oWcAvoo" P « uu Pint—oioi-a- t—t—vo\o o 

o o   THO oinoico 
•  • t»  

tri rH wvot—o mvoco 
OJOJHHHOJHHH 
HHHriHHririH 

ovot—a- 
CO H CVJ OJ 

• HHriH 

o,o oooooooooooooo' 

n co to co co 
H H H H TH >>>>> oooooooooooo*oooooo 

w a 

oooooooooooooooo cd cö cd cd cdOOOOOOOOOO 
OOOOOOOOOOOOOOOOP-PP-P4JOOOOOOOOOO 
HHrtHHHHHHHriHrlHrtri cd  cd cd cd  DHHrlHHdrtHHH 

*d XS *d 'Ö 13 

P +i P p P 
ess«« 
© © © © © 

O O  O O  ü 

omojoioinvoco H t— cncoinc-inj^'. C*<H <H OJ income-a-t—HOJO 

ino]Hin(^HOc\]VOcjinoif\OfOCT\3 333 3-a oit—t—inoj ojromo 
t—coco t— 00 t—t—COt—CO t—co t—t—CO t— co co co co eococot—t—t—co t—cocovo a a a c c 

l-l H H H H 

OO cdOOOOOO 
OO-POOOOOO 
i-l r-i  CdHHiHrHHr-I 

1H «H 
<H5H 
o o 
to to 
•H -H O O O O 
N M • • • • 

•^•HOOOO a aoooo 
O OHHHH 

•OXJ 
c a 
a cd 

o o «i o\o o mco OJ 
•   -«H  

t—t— CO coco coco CO CO 
c 

HCOrlWHC« rHOJ C-r3 0P.Oftg"f.       HOIrtOJHOJrHOJ 
OJOlfOCO 

OJ O OJO coco 

^OlÄdt—r-irH 
HOHOriO 
HrlriHriH 

inmo    o OJ OJ ii~vOJ o ino co    oooiniAoinincoinino   •  ...      ......   .   . 

ONOOOOOOOOOOOO    -OOOGOOOOOOOOinoO lAlAOO o mo OO 

I 1       s 
© 

© 
oj-rjooommoininojininoc-iinmo^ o coco mco oinoocooojo ooincoino 
COHVDMD^-O r-HnOJOJOOJCOa") pvo'cA^o HvO t—vo' oj OJ fövdvo o OMnc^vocovocuvomro 
co o co co co co coco co co o\co co co to t-co t— o t— t—t—t—t— coco cri^ovo t—inyj coco oicoosco 

« ö « 
w H w 

r-1   I   ri   t ri OJ H H 
<Pc.W_ l<t;iO II Qftlolft. 1        H I        l-l 

a m PQ m m m m w w w w w w S a K g g S s ^ S OH P. P 5 > M H M > > > HI H i-i > > 

cd 
o, 
a 

•d 
SH 

OS 
•a 
C 
cd 

•d-d 
© © 
•a x> oMnco t— a 3  ...  . 
.-I rHa\roojin 
o o t—cot—t— 
K « 
Hft. 

H6 
RESTRICTED 

RESTRICTED 47 



•^••- '«-•"•--'• -•••=•—• ^Ä^?%??Lr^T^7l^/?53^?., 53= 

FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 APPENDIX A -   7x50x7    MTD 

2 o 

Ö - 
ro t-- o 
c\ic0i-iu"\c— c- in 

t-Ot-Ot-d- t--c\ioooco 
m IA      H Ü\CJ\C—CvlrH 

J3- 

rH, 

,, , 
•A I» 
P f< 
o. o 
D P 

0) 
o> u 
p <> >R. 

(5 en Al 
O P cd 

10 3 
C 

H •H 
Ej 
•* 4 c >> 
Ü O 
H ©•H c &. ^ p o 
H •H 
O p (11 O w o) P. •H 

•rt 5H 
03 m n C-H 

3 A THPM 
«H n w 

E •rt (!)H J   -, 
Ü c OUlJ 3>"S s 

•H a> O Sx o 
P4 O •H copq a 3 8 „ 
o > o 

a •P coo 
i a 1 1 

G 
G 

u O GP o 
o 

©   0> <3J  CO S 
TH    as co 

•H ^ g 
xi to« cri 

M CO  Crirl  C-H Tl 
W O <i CD'S -H a a •H IH c co 
0- 

P OTJ&II-I ^ 
CO       H       -HO) s ce 

X O In m P a-r- P( 
•rtencaHEi 
<H p fc o p* a rii 

!n       P5-P u +3Ä43 

SI O> cd P 
3 ft-rl a) •a p <D  bO&O 

&\ R   1 
o 
o 

•H © 3 

S a 
a 

o o   -o mm 
.   . s-,   .   .   . 

OIOH^ in in CM 

o 
* « ,-H co.* o CM CM co <M 

rlH       HrlH H 

ä fc                     I o M                      N 
H t-3      oo -ninoo 

l-l        •   • s   •   •   • 
m 

CO 
tool OJ^O OCOCM-* 
tSml  HCM TjHHrH 
«        rH,H aHHH 

m 

g H 
H o O                      0) 

M K                   (5 
K PL, 

© 
o inrjoinin oo 

CO   Q 
W   63 

oi    .   . 3   .  .   . 
CfllflHH coco in t-^ 

P    S o 
>-3   »3 H Kri H 

$    B H 
CO 

p 
0) 
n 

a 
H 
•H 
a) 

!H 
o 

n 

5 
o c8 

C- 

« 
CD 

CO c 
ITv w            "^              ^ •H 

^1 
co             co pq          to 5 

rf^-'pqQH--- 
S pqwpqpqpq 

o 
C- Ü 

w 
o CH 
Q oconnmoocj m o 
H .   . o   •   •   •   • 
K M| OJCO      CO OOChrH Ü- 
PQ roa- bOOl CM CM o 

i-li-l CHri rt H 
CM 
rH 

J 
g B 
cs s a 
H om oo o o m m 
to pqoi men ct-CAco OJ m 
EH HCMCJHO OCO H 
W HrHKrHrHH rH 
O K 
M 
rs •Ö 

0) 

mm 3momo co m   „ °l .   .H   •   •   •   • 
t--m omvo c^co <o CO 

3  S CT\H HO ONCOVJD o 
rHMrH ^ 3 

<     B cd > >     § CO 
o~    S -p 
cc u 
cs CO 

H 

H 

S) 

f. 
O 
In 

en 
o 
3 

C 

•S o 
o 

a 

T3 
O 

T3 

a! 3 
t- > o 
« •c) ß 

CO 0 
EH c 

m W 
CO 

<!              <^X 
^3 o 

K 01 (Q              tO rH 
rfv— pqaia--~. 
cä cu—co tu pq pq 

a 
o 

t— o 

2 o 

ooooooooooo 
OOltBNlOiO'flOCU- 

30NVWy0d£d3d JO Aini8V808d 

o 
D 

• 

,.   CO o cc 
If)  < 

_l 
3 

o a * o — z 
m 

S  • 
!2  i- 

•d 
cu 
p 

X CO 
o CO 

CVJ    X 

—   r- o 
CO 

Q ft 

2 GJ .0) 

-   X s) 
o > 

O   Z u 
cd 
rH 

o   < 
X 

3 •C3 

o o o 
o 

o  UJ a CO 

z x> CD 

° % fc iH « 
o n _  < m 

O    UJ « Tl 
^   E t~- c 

u. o B 
o o M Tl 
cc   H C3 

z 
UJ o o xi 

in or r! 
UJ 
Q. 

<: 3 
o 

ooooooooooo ocncor-coiorrrooj   — 
BONVwaodaad JO Ainiavaoyd 

1(8 
RESTRICTEr' 

RESTRICTED 49 



--WJUM. z.wi-—-^i M •'••:' ,,J<..JA-J,.i.>r?.-f^iJi. waa -iai.i-wuMtt. S3S=SHHHS=5S! WSmrfm. 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1(6 

APPENDIX A -  7x50x7    MTD 

3 
2 

O m 

H HOVJD 
V.HCV1 

H      ITilAO 
PQOI   •    •    • 
am] CM oo co 

HCTlO 
O H rH 
K 

oiinoo 

o\i-o\ 

H 

«XI XI 
i 

u .0 
Ol n 
H «> 
3 t, 

c: to 
</> •* o 5 

>- 
CC XI < 
XI      .  i; 

a oq 3 < 

TD
. 

G
.D

. 
M

TD
. 

L.
 

M
TD

. 
S o 

12 ° 

1     s„   •> . . O   r- 
?   t>- / i to   x 

o   P- X / I —   o 
N X o // x o in / / ' 

- CVJ   l~- 
o w x 
m x r- 
X 1-   1 /    >s       / O 
r- /yS                      / _l 

/            / -2  x 
/    1 Q 
/         1 Z 

-     1    * / 
g    X X. 7        . - o  x 

v/ u. V o 
M o 
\    > •» $ 

ff     / z /     / _  <£ 

f    / o  or 
/    1/ co 

/    / 1 H 
'   / < 

i 
N    5 

u. 
1 o u 

z 
W 
o 
IE 
ID 

oS^yuoooooc 
^ONV Ainr -IN ^J   jn a. 

o •n 
t- c 

o s 
in 
X T1 
f- c 

ct 
Q) 

XI 
R -p 

c 
3 

T) O 
Q) H 
3 
C 01 
-H 
i> C 
a -H 
o 
o Tl —* © 

50 
HEST?ICTEP 

RESTRICTED 
51 



S55 -Jr-'-'•*••-! liti^JriA-tTT^-'ii •ujAtajjji^aj. i B^T. - - »^^..xw >. •--• - u. • •••- - ;•• •••-• n TTZ^ITTÄZZZ? 

1 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-H6 

*     * 
H    a- 

MCOHlAt-     UJ 

t-o t-o t—=f 
in   m    H 

om 
inoj 

H CD 
rH 

i '—» I) 
•H S» H 
i> PH 30 
ft 0 0) 

<3 

OP 
a) 0) 

p 
•P 0 >K a 
a) a D 

a o 
c 

•H P •s! 

S fi >) P o 
< c o 

© -H 
O 
G 

G 
to U ft, PL, P © 

& O 
4J  © 

•H 
O 

G c 
0 <S ft •H -t 

w T*.—• co 
<1)      C 

in o -p 

Ik m | •H-P H W G 
o 

j H»H •<o   - H < G 
•H * O" o) 

a»     o ^"Sfc s n 
n > 

H 
o 

G 
mcq SS3 B 

K Oi > a> I   t i l  O n 

3 •H rH  f< l G G 
p uim c G G <D a 

R O GW o o O a U 
0) a> < a> ¥,^ •H •H 

m & 
p 

•^rH         S 
s ,Q Wd d n •H •H 

3 in 
a 

M CO Grt-H G-H T) G o « O c! (D'O-H a G •H h q u 
H«H •H ra <1> dOH <-< > 4--01) fttr-t^  G « s t— a) H       -H <l) aJ G«H •Ö 

X O f( © p C-H SH •p •H o 
O •H OH G 3>-)&( n Ü •p 
m tH P ii © PL, a> d H •PÄ 3 
K •H © fi X-P F< •p 

MbO 
ft 

1- tal 
© aj 4J 

OM 
-P O a 

3 ft-H 
5 ftx G G-H G o 

b) <H O <B 0> « S « En -:: Ö 10 J n WÄ.'l * R 

APPENDIX A - 7x50x7° VFA 

3 

O 
m 

m<M  -coinoo    o 

"I COCO O 0O(M-=rC\l      CvJ 

5° VOC-)Q<M t-HS 
S"lriMflMOC«0 
5 rlHCHrlrlH 

8= K 

_, minTj inino o 
C]    •   • a   •   •   •   • 
°N 00 OM-IO 0O0J t- 

0\0 OiH C\OC0 
rlUri        H 

n pq co H 
j* pq Q ^.  
Ipq^^pqpqpcipq 

g 

3 

2 coori    t- 
rtrt       H 

f3     om   vo 

B rHH        H 

SJ inco    o 
CM3N      O 

X 

(JJfflNlOlO^rQOl" 

30Nvwaoda3d JO Ainievgoad 

OOOOO OOÖOÖO 
ocncor-<om*tooo — 

iONVWaOduBd dO Aini9V80ad 

tr < 
_i 
z> 
o 
o 
z 
CD 

X 
o \n 
X 
r- 

LU 
X 

o 
z < 
X 

LÜ 
C3 
Z < 
Cd 

z < 
2 

z 
UJ 
o 
a: 
UJ 
a. 

G 
3 
(J a 
& 
a 
3 o <> 
G < 

& *—* 
f~ p 
X G 
o 3 
ll\ (1 
X a 
t- 

G 
o o 
H •p 

01 
fH • P 

o •H 
a- > 
<! •H 

P 
o> G 
f< a 

52 
RESTRICTED RESTRICTED 53 



w«L -n-'tirrinTT^tm'i.fif     v,i •f,;.;?'-' -'~,~ir-r* ---••. .1 .-.. „_. _,*, w^vx-.i*\!..: SSü -T^^T-^i,'..-1-. JJ,vv-, r;i^^fV^^^^'^f^T7?Yff^{??^^^^??^l!? 

FIELD TESTS OF OPTICAL INSTRUMENTS 
HAVORD REPORT 77-'to 

2 
ü 

in 
Hint- 

O O      •    •;   • 
(-OOOt-rl 

irvHt--    <M 
t-t-ooot— 
(JlCOCOOH 

E4 
CL, 
o 

IB 
© 

H        r-t  SH 
•u    to© 
o        C.-P 
© © «; © 
TH    a 

COSrid 
o    «: o*ö 
H«-l       H 
POBÜIH 
a) rt H 
O £< ©-P ft 
H ©H C 3 
SH «ft, ©PL, 

a) 3 ftH 
ciH R P.K 
SQ&KliW 

H t>> 
p fn 
ft o 

°5 
a) b 
P o 
cSP 

•P crt 
03i-5 

c o 
©  H 
P4 P 

o 
•P <D 
c) ft 

©     C 
H-P H 
«H  01 
H © H 
OP 0) 
©      u 
ft r» 
COfO. 

I   t 
I   I 

•*. 

Sal 

GH 
H a 

O 
<H C 
IS aj 
H f) 
HE< 
O 
K-P 

©'S 
S»H 
MM 

H 
•d 
C 

a 
© 
a 

p 

,C 3 m 
H t< C 
UO H 
© 
O GC-, 

H O 
o 
HP.C 
P.G P 
© to CO 

m i; la oi 
a © 

1 a 
£ © 
a. M 

ocoocoin 
SI t-oöt>r-iin 

riHHHrl  ( 

H O CUOO t>- 

§°J Hvddcvivd 
g"'   O 0\HO\0 
^ —I       _J      _i 

+ + 
OCOOlTlH 

3°. 
©VO 
•HO 
O H 
H 
V! 
H 
3 
n 
3 01 
H • 

H. 
CO 

1? H 
H 
td 

FH 
o 
H 

0} 
© 
3 
H 

o 0) 
H 
K •O 

OJ 
1        CM 

in .<    u H 
iH^5.rH^ 1  <M AJ 

K 
K w w a aää 

a o 
o 

APPENDIX A  - 7x50x10     HR 

mcviomo ooco CO 
w 21 rötni-^cr%cA cuovo 

rtl COiHO C\|VO   rH-=fH 
HrHrHHH   HcHrH 

r-l 

H H 
H 

1 u 
o 

M     ocoooo oinin CTi 

EH 2°J cövöindoö -»coin CO 

Q 
H H 
K K 

a-, 

.-N oir\ir\oo ooin J* 

s   © 
Slmo'riON cviiDrf 

't-CO0OC\H   IT\C0C0 
VO 

© 
3 

G) 
•>    a) 

© 
•p 
© 
03 

H 
iH 

!> 

0 
•d 
© 
R 
H 

0) "I 
fH O 
O O 
IH 

S 
03 H 
© 
3 •a 

o 
o 
H 

•H 
a) > 3 

H 

K X) O 
© a & c 

in pq                         *    * 
CO         HCVJiHCVM   CVIHOJ 43 4J 

K 1    1    1    I    I      1   _L _L 
O ? 

t- -<«i^<ii«Ji  -<<!<! O I* 

2 
ü 

L- O 

O O o o o o 
O   01   D   N   IB   ffl 

o o o o o 
<t   ro  cvl   - 

30Nvwyoja3d JO .uniavsoud 

OOÖOOOOOOOO 
OtBOr-IDinvtlOIM- 

^0Nvwaoja3d JO Ainisvsoad 

CO 
or < 
_l 

o o z 
CD 

x 
o m x 
t- 

D 
_l 
tu 
I 
a z < 
i 
u. 
o 
HI 

z < 

z < 
UJ 

s 

z 
UJ 
o 
cc 

a) 

3 
O 

o 

in 

© 
u 

H 

51 
RESTRICTED 

RESTRICTED 
55 



f, w.^.-m^.., --,.-t .1 

FIELD TESTS OP OPTICAL INSTRUMENTS 
NAVORD REPORT 77-^6 AFPENDIX A - 7x50x10  HH 

o 
-in 

in   o 
Hint-    t- 

C—OOO t-rH 
ITVcHt-      <M 

*— t—mo t— 
J\C0C0OrH 

•« 

H 

i -—* 
•H !» 
P ft 
P.O 
O-P 

0 
© U 
4J   O >S. 

s SJ.O 
o 
H 

-p crt 
CO J 

EH < c q >> 
O c O o 
H © -H s fe, &.-P © 
H O 

i^ © o 
W d P. -H 
P-. 'Ü*—' « <M 
01 ©      C ^ 
J |i •H-P H w 
< P     •* 
o q 2 o«d Ä-P      S 
H ©     o ixCOf.      ü 
E< q P,(>> aj -H d 
CL, © •H com QSÄ 
O s> © •  i l O      -P 

•H rH   f< 
43 60© q C q     © 
Ü q-p o o o     B 
© ©< © ST< •H •H       3 

•<~>e-\         E S n 4J p n u 
,Q SOT) 3 n TH •H B -P 

CO qiH-H C^l n 
o •a; »'S •H B c •H f< q 

•H^-l •H co © tlOH 
P OXS ft,Htl C K © 
a rH        rH © d P. Rq 
O fi ©.p p,H IH p -l o 
•H ©-H q p 
C-H -W pc,   © & 

HEl m o 
© m •H P.C 

•H <l> t-, K-P f< •PJ3 p 

S.s © Cd P Ä p © 50 60 
CO« 3   tX-ri 

5 o,x 
© to q C-H q 

CJ TH S>»^ •H © © 
sfi&aiiaiaij o «:* J 

o 

OCO OO O OCM CM 

21 C\CMVO CJ PY&^t cA 

n 1 CMCMHOOCMtMO-lO 
Hr-lrHHHHHr-t 

& S g 
f3     inoocoHovoo 

M 3 9J M3 «3 in nivo o\cö * 
S' 010000lOO\0\ 
Q                 rHrHHH 

s 
H 
S5 

mincvivoo    mo 
CO 
M 

R SJ O H <3\.3- O      CO CM 1 t—ONCOCOOI   \oco 3 n a S © < 3 > g 0) 
a. > 
K 
K •0 

© 
c 
-H 
f 
S 
o 
o 

q 

•d 
o 
o •a 
H 3 
K 

CO C 
O EH                              *  * rl 
in 

CO           H(»r|«H<\Jri« 4J 

a) cj £i& o o'd'd 1« t- <!<;<!<i!a;<;a!a! 1* 

o 

EH 

'S O 

3 

COO OCO O CftH^O 

oi cAcduJ o inH H co 
H    riHHmHCOOM 

rlHrldriHrlri 

H      4-cnoininoHo 
SirJ Hvovo'jä t~^-cöcö 

OONCAiHO ocoo 
O H HHH      H 

SJ 
o o cyvo t—cno a\ 
Ha-incjocoHO 
cococooo t-incs 

•o q o a 

CO 
oooo 
HHHH 

o 
-in 

in 

1- 
- 2

0
0

 

C
U

LA
R

 

X 
CO      z o - 

z d C30 

16
0 

   
 1 

5
0
X

7
" 

  
B 

x   d°° 
x   o^w /, 
0          - O    X o i < *    l- 
X     o < • 

o   < Q 
in 

S   EJ y    X 
X 
r- 

^ o ° 1 
2   x  1  ^ji 

u. 
o   o 
CO     UJ 

C5 

'/ 

/ 
/ 

/ z 
o    < 
CO    cc 

z 
/   i       ^ •l 1 _    < 
'! / U? 3 

ä 
. O      UJ 

/ d°r u. 
/ O _ o    ° 

CJ^. t <M     ,_ 

o < z 
< 

Ü 

o o o ooo^oooo       a 
O   ( J)   CO f~   CD in ^r to  OJ   - 0. 

o 
in 
K 
t— 

EH 

aoNvwaojyad JO Aimavaoad 

ooooooooooo 
oaicor-ionfnN" 

30NVwaodH3d do Aimavaoad 
cd 
© 

56 
RESTRICTFr' 

RESTRICTED 
57 



SSE 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-**6 

CO 
m 

3 

X 
c— 

3|oöojdcö(vj rtl H H (M O O 
rtriHrlH 

OlOOJOOO 

0\0\0 O\0\ 2 S| QV.n OJ<:> !X? 

oj SH <-t mo H cu 
too o t— c—ovo 
O H 0\H O 
H tütflH      HH 

•HH 
o a B CTlCOO t- 

• OO    •    •    •    • 
t-TJ "d-3- o\o-=t- 
C\ o coco o a\ 

a) 0) H     H 
RK 

^ co t-co t-co 

•d-d 
o © 

OTJTJCOO HOI 
. 3 3   .   •   •   • 

<\] rHi-i roog o\ 
0\OO CTiCOCO t>- 

•rl*«-» I     I 

1 1  1  1 1  1 *s^-'n n 1  1 

H M 
H-W 
0) ra 

ID 
lH*> 
0 
ttü 

o 
n © 
0 a 

3rf 
0) 3 
>o 

xJ 4J 
© A 
a a) 
W-H 
.as 
S 
O 1H 
O O 

SI owo "loo 

Ht- t?J 

to 
U 

3 
SI 

o 
H 

0\CTi 

on 

H 
H 
0! 

U 
o 
1H 

•a 
© 
c 

•H 

APPENDIX A- -  7x50x10     HH & MTD 

OOJH [- IA 

M H| O lTiO\0 H 
0 lOrion H 
S HHriri H 
P K S 
0 •q 
0 ONCO t—in O 

Ü 
pqoi 

CO 0\r-\\£> 
CUOvO H O 

0 H      HH H 
H cs s OH 

w    0 °J 
t—CTinvo ^1- 

«4-UM co 
3   Ü OCOCTiO 

H             H 
o\ © 

ö   ** H >   P n a) 
0 4-> £• &    s © 

OS 03 •3 
a 

H 
H 
0) 

£. 
O 

1H 

n 
© 
3 

© 
a 
3 
1 
0 

a 
H 

•0 
0 H © 
0 01 •a 
H > 3 

H 
K •a 0 * © c 
0 •oC O Q, a H 
in &H •H 

w OOOO .O m 
X HHHH a 

1* t~ P.QP.O. 0 

IA 
X 
t» 

OOOOOOOOOOO 
OcDCOh-tDuO^rOOJ   — 

30Nvwuodu3d JO Ainiavaoad 

or < 
_l 
3 
o 
o 
z 

N 
X 
o 
in 
X 
f- 
o 
_1 
UJ 
X 
o 
z < 
X 

HI 

z < 
0- 

z 
< 111 
s 
u. 
o 
(- 
z 
u 
o 
<r 

yooooooo^o cTo 

30NVWä0dÜ3d dO  Aini8V90yd 

h- 1) 
X o'ddci / 
CD O'OUJ'O / 
•z. 

(I0
)N

 
(1

0)
0 

(1
0)

P 
(1

0 
)J

 ' - 

OOO'-' 1 1   ' 
dciog 
-ifiP 
0   0   "  0 ( 2o°x / 
X 
0 
m 
X 

XÄO 

' 

• 

/ t s/ /" 
' / ^           A / 

/ J /• 

/ •> s -7^ 

1 /_. 

' 1    1    1 1   1 ._i— 
00000000000 
ooio)sioin*ioM- 

30NwwdOda3d do Ainisvaoud 

tr 
0 <i 
h- 1 -> 

t) 

0 
<0 

0 
z 
00 

s? 0 

X 
0 

0 1» * X 
r- 

n 
« _i 

UJ 
X 

3 
0 
z < 
X 

II. 
0 0 

111 
to 

0 z 
0 < 

in 
z 

0 
0) 

«1 
UJ 
5 
u. 

0 0 
cu y- 

7 
Ul 
t> 
rr 

•> HI 
u. 

•d 

58 
RESTRICTED RESTRICTED 

744990 0-47-5 

59 



<L.\~iu*.,{i„&m*miiiii~ü++ EiaisLJ^ i'.-^L.-a.ti-c.t .j»x-^g^..-j.t',B.-, J-"'. 

FIELD TESTS OF OPTICAL INSTRUMENTS 

o 
-in 

NAV0RD REPORT 77-1(6 

0 
in 

COCOlAt-         V 

CO oco o t—o t—CUVOO H 
0\0YJ3 C-CM 

CO 

^^ 
•H 0. 
4J In 
P.O 

°S 
O U 

•P o 1ft. 
0)^1 

o 
H CO M 

8 C C >> 
3 3 o 

O -H a 
fe ft. -O a 

o 
+3   O o 

e 0 p, 
Tl— m 

•H 

co g o     c 
•H W H 

rf * _ OH in 
•H OH P    -. 

e y* O-P a) 43-P      S 
H •H o       O t>> »h     o 
EH 
(X, o CO« a ÜJg     . « o > ° . 1   1 i I  o      -P 

3 •H H t< i 1           c 
•P too c c C        O 

D o C-p o o o    a 
O 
O "H    a 

S H 
§ oi 

•H 
•P •P  01   E 

a fl to*! a) 01 3 H B -P 
H CO GH-rl G H C 3 ol « o «s ©«•H a c riijR 

•HCH H 01 0> tl O H 
O POtHsri^C « o 
o\ 0) H       -H o 0 fifid 
X o k OP P.H t. •P H O 
o HllrlCjriEl o Ü 
vo 1-1 Pft, ©ft, o 01 •H 4JJ5 
X •H © f. K-P lH P.C « 

co ft SI © Cj-P 
3 P.-H 
SftK 

©tl 
-p 
c 

© CO to 
G-H Ef 

s IS s?a o 
o 

•HO© 

6H 

APPENDIX A - 8x60x9° (FIXED FOCUS) 

s B CM o coo in    o o 
H 
K °l Jto'*«)' cA    d 

"1   HHririM       CO 
A « H 

riririHrl^H H 

CS 
H 

^           a 
p      inoinom-po 
9fRI  t-oöc-JdrH o^f 
S               H      HH O H 

in 

in 

B o 
H 

o 
£              S **                                            ÜH 

H 

3 
01 

1AOCCMDIA BO in 

00 SI dvoovdcn    cd U1l co crit-o\o\    t- 
o 

S o 

I, 
H 

01 
ft,      3 •p 

«      O 
o 
01 

H 
•d H 
o Q) 
K 
*H fH &< O 

•d 
H 

I 

01 
o 
3 
H 

O a) 
o\ > 
K •O 

co               CO      CM o 
O 14          I.     i    *••» c 
VO S            «!     o     i-l -H 

£j          H"«H—       1  CM fl 
K 

CO ftl W W W W*—fq 

a 
o 
Ü 

ooinocj CJOCO O 

2|cö c-^<d H cöu> d«d 
HH.HHH HHH 

C\ 
M o 
o H 

N 
P H       OOOOCV1CM OCJO CO 

1 
SSJoövdt^c^^ trjoH 
S^c-locriocvi O\CPIO 
g       M--i      r-lrt            H 

8 
H 

C3 ce 
H 
fes 

oocoinmoinm in 

g §J>d c-^^t- o\o inoj o 
' o-i a\ c~-oo o oo co a\ 

CO 
en 

a H <! 3 
>   -o? 
ft.      Ö 

01 
•p 

H 
0) 

K      O 
K     O •d 

H 
H 

o 

o « 
f. s 

pq 
=H 

o 
•a 
H 01 

o 
a 

J, 3 •a 
o 

•Ö 
3 

o § 

o 
CO 
E< 

•d 
o 
c 

H 
O 
c 

W                            * 
CO        HOIHMHCJHW 

o K aJojililOOCHCz, o 
s * co t,[i,(llCL,|i,|x,Ii<t) u 

i—o 

2 
ü 

ooooooooooo 
OOllDNatlOlflON- 

30Nvwaoda3d JO Ainiavsoad 

ooooooooooo OOicor-iDio^-mcM- 

30Nvwaoja3d JO Ainiavaoad 

o to 
o or 
OJ   < 

_i 
z> 

o o 
co o 
— z ! 

CO C 

o •H C-f 
CD  o 

c 

og 
*   X 

E 
C3 

QJ 
CO 

3 
r~- 

o3 
cj 

f. 
X 0) K 

H 
3 
O 
O 

X C 
•H 

0} 

2" 
B TJ 

O 
UJ ON to 
C3 X 

s| 
O 4J 
VO 
X CO 

co 0) 01 
Z r* r. 

o < 
o 

-P 

o 

ofe 

z 

t- 
l < CM 

1 
UJ o Tl 

u a 
UJ a ^ 0) 

CL •H •p H fc 01 1 

6o RESTRICTED RESTRICTED 
61 



SSnSüBESü^ •*3—. M-Ml^i. 

FIELD TES3S OF OPTICAL IKSTROMSKTS 

HA.VORD REPORT 77.^ APPENDIX A -  8x60x9°   (FIXED FOOTS) 

 1 

OJ\W tTiiAtniACO 0 

Sri 
0 

HWCUW-S-OHr-J 
r-IHrS rtHrtrtri 

0 

£-1 

3 

0 
K 

O O — CO-^vW-AO C\ 

s 
Hi 

cwo.=rc\jcöooo 
O O O O rK 0\O O 0 

•"* 
000 cüocünifl t~ c 

§1 HHromr—0 I-J 0 
ootoooaoci 0 

c 

>   0 

Hrl                             -1 a 
c 

5j 
> 
•0 

6. c 
5     "ö Z 

K S 0 

P* 0 e 
•S t-i c 
cu a *~ 
-L 3 e 

0 > 3 

K -3 5 
0 

ä m 

HCVlHCy-*CU-*Oi 
1  1   1   1  1   1  1 „1 

^ -j 

O fe 6, t, & fc, £, &< 6, O 

c     5    e 

O   (J>   ff.   N   'X-   tf>  •}-   (<.   c<   — 

ä    ir    -. 

RESTRICTED 63 



^- ••• -'  -•'•-•- " •••- --n -••'-•-1- ^•IMI^HUU 

?I3LD TSSiS CJ OPTICAL ScSTRWEKTS 
HAVORD REPORT 77-46 APPENDIX A -   9x63x5.7    EH & MTD 

CO      OJ 
C-rnOiAN      t^1 

^O      -Ti      •-*                C\C*»C—OOJ 

H 

H  >» 
•w ^ 
AO o« 

d 
o fc 
AJ   O "Ä 
d.o 

o SoS 
C 
H 

=4 c c >> 
C 0 o 
o -• c 
£, iJ o 

o 
O 

d A 
o 

JJ -o^a *H 

C3 
2S W-JH 

1-4 E r H c H Ü      - 
O J2 2 

^ 
£H 

C 
c 
—i D?CQ    a ?3      . 

O > c •  •      i 1 o     -t 
HI   U i  i      i 

•u 6C Z c         c c     o 
o c*> 0             0 O        S 
z z <  SX -.         —t 
~^-^ a        ^ 

n £» ec-O =J a          —i iZi: SOS -H — —           -3 
c     < C*3 — —   %.   = "**_ V, OH 
^ c-a £.H 5           (X C 

_"l d    -j -t c C    M   ~* 
c A, c ^> A «           *i -i a 
-« c -* C 3 e 

o CH iJ &, 5 i. ~ 23 —* ^ .c 
£. -* ~ -> 
S»J —            i> : oca —— c a            - — —< c 
A X >1 -5            O SäS " SQr< <y -3           Ü 

w 
3 
0 

O OY£>CO c— 

o °| cövocncu 
Hrirlri 

o 
H 

S3 

B |j     ooco o in 

S,r< HOOO g        HrtHri 
K 
PL. 

H 
rH 

'ooo\o o\ O 

l 21 j* WD j* A 
u' o o\co o\ 

H 
o 

t- 

K 

m 

K 

H 
H 
q) 

O u 

w O OCU IA W 

H H| roo.=J-in t- 

»ana 
Ö ca H 

1 
J ooo t- CM 
caoi 

CTvCOCU'J-' O 
HHO H (VI 

S o 
K 
PL! 

HHHH H 

CTiOOCO o 
Q SI ü-Jl-HCri <M 
M OOCOCTv H 
BH r-tH H 

in 

flflflfl 

f4 o 
«1 

3 
a! > 

O 
o 

ooooooooooo 
ococor^iotOTTiocj 

30NVrtaOdä3d JO All"ll8V80ad 

OOOOOÖOOO   o^ 
OCncOf-tÖLO^"    lO   W   " 

foNtfwaojaad do Aimavaoad 

co 
a. < 

o 

f- 
X 
o 
CO 
X 
t~- 

o 
_l 
UJ 
I 

o 
z 
<t 
X 
u. 
o 

z < 
IT 

z < 
UJ 

Ul o 
UI 
a. 

co 

0) 

RESTRICTED 
65 



Cgggg —iCäJ-Jfe] —^-i*Js-* AJiiM.U'U»~J- ^ 

I» FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

oiAt-    c- 

COHONOCO 

2 
o 

-m 

o 
H 
EH << 
o 

o i> 
01 

<D £< 
•P o 
0)P 

•P q) 
m H 

(D H 
>        <D 
H       H SH 
p     Wo 
ü      q 4J 
O CD <£ © 

•nH        B 
xi wo ta 

CO  GH-H 
o    o; © -o 

•HCH       -H 

0)      i-4       -H 

•H OH G 3 
<H U 6, OO, 
•HO        U 

SEOSU 
a 3 a-ri 

E«E-i<*fiq 

©     i 
•H-P h 
CH W 
H  ©r 
o -p c 
o      < 
p. Sx mm 
•   i 
i  i 

v*. 

SäS 
o 

G 
o 

ST! 
n 

GH 
H B 

n 
5-1  G 
o d 
H fi 
H&< 
O 
C5-P 

©M 

G      © 
O      E 

-P co 5 

G 3 ra 
H f. C 
«HÖH 

Q CC-t 
H  O 

O 
H-P.C 

o to to 
GH C 
H O «> S3 

APPENDIX A -  10x50x7    HH & MTD 

W 

1 

|S| 

O <H 

|d° 
I CM   W 
H G 

H 
N 
•H a 

O   O 
• •d 

O  G o a) 
HK 

> ine 

COCM CA-* 
H cocu <M 
H H H H 

+ 
O O ITlCO O IA 

HcAcAoöoi \o oiooiocn co 
riHriHH H 

o 

CM 

ooir\<nooirvirvööir\ >ofli 

•=S-COlTv\0 
O HH O 
H HH H 

Slf 

•d 
O  3 

+ 
lAlTllAO 

i*J- HCO 
! CT\0 OCO 
I      HH 

ITlCMCvl t—0O-P H 
O O riOlrl G H 
H HH      HÖH 

O O OOlA GO 

OOCACTlCO CNHCO 

t— 

K 

<jfz,        <        CO        r 
^-* ^^-^H^^H*—* 
(0_ raraiHlHt 

«! cq p. w—^<d»-'Os-^H • 
SC-CQ tq pq cq S w w w S^ 

5 

o 

OOOlft      o 

21 t^cAlftO\     •* 
H 

rt| <U0->C\1C\|       CM 
HH HH       H 

B u 
O 

H 

H     oo ino     o 

§ 3 £] C-1MD in t-^    t4 
S"' HHOH       H 
O        HHHH       H 

o 
H 
S3 K 

P-. 

IflO OO      o 
CO    Q, 

aJcOHVO-a-       <T\ 1 OCTvCOO      o 3 B H            H       H 
?!    A 8 01 

•P 

es 
H 
H 
o) 

FH 
o 
<H 

n 
o 
3 
H 

t- 

K •d 
co                            © 
EH                                    G 
H                                H 

K CO                                       A a 
O 
H 

rH'QäH         O 

-lO o 
-lO 

I—o 

^g$? 
ooooooo  oooo 
OOioor--iDio^-   roej- 

aoNvwaodaad JO xiniavaoyd 

•d 

o 
in 
ft 
o 
P. 

O 
irv 
K o 

o o o o o o o o o 
Ocncoi^iDm'frrOCvl 

30NVwaodH3d jo Ainisvaoad 

a 
3 
O 
a 
•d a 
a) 

•d 
c 
0) 

REST'IcrEr PESTPICTED 67 



=3 

m 

_i_ -j_ _!_ _1_ _l_ 
o o  o o o o o o o~o~S 

30Nwiaoja3d do Aimavaoad 

tn 
rr 

r> < 
> 

o 
o 

Ü 7- 2 CD 
0 
r- 

o X 
f> o — W 

X 
o h- 
<\l — Q 

_1 
HI 

Ü X 

o 
?• 

o < 
o X 

11 
o 

o UJ 
12 
7 < 

o rr 
10 

?• 

o LU 
t- i 

tu 
o O 
0 

1- 
<r 
LI 
o 
rr 
UJ 
a. 

FIELD TESTS OF OPTICAL INSTRUMENTS 

Oin     o 

OlHCTv     00 
H|HO    O 

HH      H 

Ü 
H 

\A (3        OO       (M 

" <9<2|cjm   o 

K 
A< 

_.oo    in 

1 9 °NtoH    o 

§ f 
0\C0      C7\ 

>   A n 

K   S <D 
K      w 

H 
H 
Hi 

Ft 
—«          o 

i *          <M 
o*—* 

P o     o 

O »a 3 
t— i»         ö 

* C     > 
X S3    •d 
o 
in 

o >--Q      O 
H O.M     U 

NAVORD REPORT 77-16 

t- 
X 

X 
o 

oo<mnintn^inoo 
Sl^cvi ocdcAcAint-tn d 

to 

ino Scvio minoj o 
<?l t~-in-d inyj cp tng cu 

CVJd- COOH OOHH 
H H d H H r-H r-l H H 

]8| 

inotJinintnino o 
Ol   •   • p"   •   •    •••• 
CN CTvCTVrH CM CU fO jtr-^fO 

O 01 O CM O COCO CACO 
r^H XHiH 

W 

Jä_M. 

<;*—pq Q (a*--—'cJ pq 
3 oq-'Pq W ffi pq s a 

oo 

H 
H 
o) 
Ft 
o 

5 
a) 

.a 
S o 
o 

S29P0<20QÖÖ6 
OOCONtDlfj^-rOcNi   — 

30Nvwaody3d do Ainiaveoad 

«! 
fa o 

s si 5 

H 

o 
H 
m 

1-1   ") 
03 Ol   «_ r1* « 

a PH 

in 

to 
a o 81 ä n 
05   * 
OS 

O 
t— 

X 

o 
in 

w         °^ 
X M          H 
o 
H M 

c/> 
cr. < 

- o 
to 

• _J 

z> 
o 
o 

>- o CO 

<      • / 
Q / o 

o 

/- 2 X 
o 
in 

^ o X - to h- 

o   ^ 
O 

1 
A/ o HI - 

o 

X 

o 
z 
X 

II. 
o 
o 

o 
III , v> / 7 

/ 
I 

o 
en 

o 

< 
cc 

z 

CO 

o 
tu 
O 

N 
Z 
tu 
o 

l 1 (K 
O   ( DOOOOOOO o o to 
o  < J>   CO   o-   to   i O    <f   I<1   CJ 

F. Tl 
ol Q> 
H w 
3 S 
Ü 3 
a t) 
a a 
Ti & n 

c 
o ot 
f- 
X TJ <> H 
tfi 0> 
X Ä 
o I 
H n 

c 

3 
H 

A 
AJ <) 

•n & 
o 
p H 
c ^ 
-H 0) 
•p > 
c 
O TJ 
Cl «> 

F= 
P <) 

ü\ tn 

APPENDIX A -   10x50x7     HH & MTD 

30NVwaoda3d JO Ainiavaoad 

68 PEST'ICTE' 
RESTRICTED 

69 



5Ä! • ifl'"^"--"'! .'MUA'. *"•     '• '   i'* 

^ 

FIELD TESTS OF OPTICAL INSTROTENTS" 

NAVORD REPORT 77-^6 

  
OO 

o o 
o o 

OO t-O t—H 
Ht-      I-      W CM 

w 

^  
•H >> 
iJ U 
ao 
o « 

d 

« o tft. 

s 
o 
H <n3 

3 o o c 
C." © 

-i 
o 

d & •H 

83 
o     c 

t-l 

•H-UH ta g 
•c 

t< a 
riOH 4. i 

c o     o *»»*<    o 

O 
o > o 

C 
-H nn 

i i 
äs 
i i 
i t 

5     - u s 
a o c c C       O 
c j-s o o 

o o<: © E -1 
JJ  Q  K 

& 60 TJ cl a --H HEü 
CrH^I C -* 

o C, 
o ^OM 

W OTJEHH^ c a Scu, H -i C d 
§ f< OÜ o.- t. 
-i OT4 C 3r-, eri 
tj-a £• C £« c =J 

h K-U 

§13 
u S i3 O tö tö 
-i O % C C-= C 

=5-< 
SO 

o 
o ass 

APPENDIX A - 10x70x7  (JF) HH 

W~ ' 

(I 1 1 
&.   c/i 1 

<"   .. -) 
r- Cv]      ' 

2; 
X 
C5 

i     < 

Ü   — 
S  x 

u: 
O 

2 X z 
•    X X                ' 

5 * o 
X „ . cvJ 
?     i- • 

o 
'"-   X J Z- 

2   o / o   — // 
. V- 

o 

^•^^ o ^—— (7) 

^ 

/ 
O 
CO 

1/ - O 

O 
1 ti> 

o 

.   ,   , 1 

m 

ooooooooooo 
OOllDI-IOiniflON" 

30NVWHOdH3d dO  Aini8V80Hd 

CO 
CE < 
_J 

Ü 
O z 

1^ 
X 
o 
X 
1^ 

X 

4 
or 
z < 
LU 

o 
I- z 
UJ o or 
iÜ 

•• 
•ö 

f< 
01 
H 
3 
O 
o 
c 

•H 
J3 

Tl c 
0) <> 
Tl •H 
H -p 
O cfl 

CH T) 
c ') •3 

t^ O 
X d, 
O 
1^ C 
X o <) CO 
<H C fi 
(I> <) 
Ä h> 
H 

«l 
£ 
i> 

O 
iH t» 

1 *i 
<Ü 

•rt 
0> o 

RESTRICTED 
71 



r'- —"« --Stf"-! ft"» —      I''I { r" 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1)6 

o 

o 
in 
X 

r- OJ 
•=i- o\o VD 

voo t—cvjcoin 
m   -a-    cvi 0\CT\0\lACVi 

* 
o\ 
H 

^-v 

•H 
•P & 
ft o 
OP 

g 
p o t*. 
a),Q 

o 
H 

p 
03 fl c 

•rl 

^ § Ö o O 
<D -H c 

S o 
CD 

•H 

-p 0) 
4 ft •H 

Tl co =H 
CO © C <H 

•J 
§j •HP H 

<H co 
W 

rl a § •H © H 
OP cd a p    s 

•H 01 o (»ton    o 
EH a ft >> Orl4 
a, O •H to pq PSXi 
o > 

•H 
i 1 1   O       4-> 

P too S c C      ill 
O CP o o °   § 

P  03   £ 
© © <: © 

E co 
•H 
P 

.O MW 0) CO .•H •H B-P 
CO o 5 ©n3 üfl •a c 

a a n 
•H f< q 

•Hin •H co 03 SHOH 
P Ot) &iHt-< C K IB 
aj r-t       -H 0) crt Q. C«H 
o fi ©P ftH U p •H O 

•H © •rf C 3 HR co O 
C-t p fo © (X © ol •H P J5 

!H KP U P .CP 
O»t0 SI <D a> p J3 P 

? ft-H m wi c C-H S 
qJ-H C-.-H o -H © © 

«SCl-5 EflE«!HHkl o 

i»t>> 

R p p 
•r|-H 

OITIHH o 
s •     • -rlH 

oi^3in,o o tn 
H   O O <H <rl O 

ij MH»» H 
•TITI g                       » 

03 
H        OO P-P Ol 

'S 2°J olcd ÖQ 
0\ 

o                PP 
a PR

 

5 0 fi
e
le

n
 

fi
e
le

n
 

C- 
CO 

Q 
Ol    .   .«HCH oJcoosa O 

r> w C-C— to CO CO 

S| 
c c 
HH 3 

H > p 0) 5 > 
ix s © 
K •Ö 
X 

H 

© a 
•H 

t- 

X 

O 
in 

X 

o 
t-l 

•d 
o 
C 

3 

APPENDIX A -  6x50x7 

K HI pq 
^ 3 s % o h^ 
H M 

6-1 

(0O| 

SS o o K 
H CL, 

SI 

mo P P 
•    --H-H 

•=i-U> i-lrH 

HH^J J3 
•H TH 
CO CO 

>> 
mo •• •• 

. . a) a) 
o o P P 
o\0"i aj 3j 

p p 

in © © 
• H -H 

lOfOOO 
t-t— •H-H 

CM CH 

3 3 
CO CO 
e C 
HH 

CO 
CO 

3 ol 
l> > 
K 

© 
to n *  * •H 

D 
X CO ftp H 

»4BW t> 
\o w W • o 

•a 
3 

o * 
H    1 
x    1 

m.   CO 

o 
cs   I to 

z <n I 
X o 

-3    UJ CM 
LJ o i 
o      N / 
N-   X / 
X  o / O 

°    X / — 
x  tc 
u> Ü 

g 

o 

—1 
y^ i 

o> 

o 

/ / 
CO 

/ / o 
// ( i 

N 

/ 

/ 
o 
(0 

o 
ID 

o o o 
en oooooooo 

oo)cor^to,°^"ro- 
aoNvwaoJdBd JO Ainiavaoad 

to 
or < 
_j 
3 
O 
o 
z 
CO 

g 
f- 
X 
o 
IO 
X 

UJ 
I 

< 
X 

C3 
z < 
cc 
2 < 
UJ 

u. o 
I- 
z 
UJ 
Ü 
a: 
UJ a. 

~5~o ooooooooo 
oStor-siinifiow- 
äöNvwaoacJBd JO Ainiavaoyd 

CO 
ce 
<t 
_i 
13 
Ü 
o 
z 
CO 

o 

X o 
in 
X 
l> 

UJ 
X 

< 
X 

UJ o 
z < 
cc 
z < 
UJ 

u. o 

UJ 
C3 
cc 
UJ 
o. 

0) 
H 
3 

•d c 
ct) 

o 

•Ö 
© 

o 

CM 

72 
RESTRICTED 

RESTRICTED 
73 

. mia i    i .^jmnaunmL. 



• • 1   llfc '-•" -*--> '••< 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT  77-1)6 

2 
D 

S   Q 

58   1 

-.1   "^ Ti 'las 

;S| 

§1 

c 

c- 

01 d 
4J •P 
d d 
Q« 

w « 
c C «> 0) 

-H ^H 
o C) 
•H •H 
1-1 «-I 
t-l«-l 
3 3 
n 
c c 
Hl-t 

<: 

a mo in o 
3| dcö* H « 1  <M CTlO o 

« rH       H H 

ä s 
§ jn      moo o 
H 
CO Su'o o\oi 

^f 
C\ 

JH o       * 
g 

o irio ir\ 
CO 

i 1 
SJ .* H t- 
"' cococo 

vo 
00 

> g -p 
cu   o o 
£ s 
IS H 

H 
d 

ft 
0 

«H 

n 
o 
3 

o d 
t- > 
« •d 

CO CO c 
CO Bi                     H •H 

P 
X E 

tlK« 0 
M3 o o o o 

APPENDIX A -  6x1(2x7° & 6x33x7c 

d 
H 
3 

o 

•3 
to 

X 

en 
cc <. 
_I 

o o 
2 

r- 
X. 
o o 
X 
N 

Q 
_I 
UJ 
X 

o 
< 
li. 
o 
tu 
o 
2 < 

EH 

o o o o o 
P    0>   CD   f-   ID 

3ÖNvwaoda3d do Ainiaveoud 

RESTRICTED 

744999 O - 47 - 6 

75 

MUT M    I 



•        U-....M'.--JJ—. 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1(6 

a-    U3 
OOt-     U3 

O 0°M3 Nrl    *            OOJt-OPTl 
HN c— <N                CMOt-rtgiCAl 

m 

1 ^ 

i{ >> 
w & 
CO 
O " 

d 
© ^ 

•P o *R. 
d.Q 

o 
4J d c 

M c c *» 
3 3 o o 

O -H c 
(L.-U o 

o rt 
4J   O o 
d £- rt 

u 
o     c (-1 

i rt-PH w 
CH a 

i4 s rt Ort 
< c s O-P d 

O        Clh 
c P.SM     d 

03M     Q 
rt d & o -H 3.C > c 1 Ü    i> 

•H rt k 1           c 
•u too c        e G     2 o G-U O         o O      E 
o 

•*-a 
© <; o Srt            rt 

•fcS  CO  5 
& 6073 c) W              rt rt S-u 

CO CH-I Crt       -a c3o 
o < o-d rt B         C rt h c 
rt«-i rt C3               O SHOH 
•" O Tl [=, rt Si C            C o 
d rt      rt o d Q C=H 
o £< Oti ^ rt h             4J ~i o 
•HO-WC3H&I             Q o 
quboe. o             d -i±> Ä 
-1 o f« sa          ti OÄ i> 

&g o d " oü       c O £0 60 
3 &••* 5 ft« Crt C 

drt *>>rt               O rt O  O 
SQEn.<iaW^          O «I*,-} 

a mo o    in m 
91 o t-<n -co 

rt HHrt H 
cu 
n s H 

U           5 
o 

Q         rt m H      rt 

'  in 
H 
CO rt 
1 

H 

^          -d 
(3 0) 

•o 
3 

aU      .    .    . o    • "' cu o in K cu 
to 

S   o 
1 B 

o 

CTvrtCO Wrt rt            rt o rt 
>   5 CO 
a,    O +> 

CO 

rt rt 
d 

o o rt 
a 
SB IB —' 3 rt 
t- d > 
K •d 

CO                       C? CD 
[— ^              p„ c 

w      «       *—ta 
K CO         »-*          i-l*"» £• 

rt             ""-TH e 
o 
H «gg5* o 

o 

o 
t- 
o 

APPENDIX A -   10x70x7     (MDRC) 

r 

-o 

o 
03 o 

^3 

. o 

o o o o o o 
O   01   (0   N   ID   ID 

o o o  o o 
<*   lO   CM    ~ 

z 
UJ 
o 
ce 
LJ 
0. 

30NVWU0da3d  JO  Aini8VflOUd 

FEiiR:.':^- PESTRICTED 
77 

..     ...—magrr       . ---- -—"»-.--«—-j— 



FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1(6 

o 
—in 

o 
t- 
X 
Q 
CO 

o 

O O f-OC0lA 
HCO       t-      01 

co^o    oir\ 
ooco    o in 

01 

ao 

°3 
© f* 
P O 
dP 
p d 
(Ori 

ru-p 
o 

•p © 
d a. 

V. 
C 

o 
© 

m 

•PH        W 
n 
OH       -P    - 
p a-   .GP 

O S» tilFl 

•ri i-i U II 
•P to© S3 
O C P o 
© © << © E -H 
•nH a S M 
.O fcO*Ö d CO 

a O GH-H CT< 
o     «iinJ^E 

•H <H        -rl Cl 
P OTSÜiHln C 
d H -H © d 
O U © P A-H F-i 
HOrlR3HE< 
CH P fc © Cu © 
•H ©        U       KP 
SB © d-P     j= 

d 3 P.w © a> 
d -H U a« t>,H 

I  O 

o 

•a 
c 
© 

G d m 
•H F, G 
CHOH 

Sc^ 
-I o 

o 
•H-P.C 
•P.C P 
© 60 tö 
GH C 

•H © © 

APPENDIX A -   10x80x7 

H a ininoo    OJ 
H 

pa 
91    H <M' H to     VD 

HHHH      H 

ä u 
B 

H jij       mooo    o 
CO 3 SI  cöiÄuJd-    cö 

g"1*     COP-lrtH       CO 
g           HHHH      H 1 o K 

H 
K 

mooo    oo 
CO SI   yjccjr-iiri   vd 

"^     HO C\C0      H £!  o 
1 H HH                 H 

>  <§ n 

K 

p 
© 
(0 
H 
H 
d 

ft 
o 
=H 

m 
© 
3 
H 

t- d > 
K •Ö 
o CO                                               » 
CO 

w        <    &        3 K 
H   H       a 
— ««-'O        O 

H fk P4PL,PH      O 

cd 
. ei 

, <° cq < 1    . 1/1 0) : 
CO .T* 

" U. Q O- 
3 o. o 

o ?- ^ 52 
r- >< g v    O   CO 

ill2 
o 

- i _ o 

O  0>   CO   f-   CD   m   <a- . 

30Nvwaoju3d JO Ainiavaoad 

i '  '  i JL I L 
• O O O O O O Q o o o o 

30NVWdOdä3d dO All"1l8V80ad 

78 
RESTRICTED RESTRICTED 

79 

•Mtai^feW dUMb -••^-"^ *• 



#f ht -5,. W.-Ht—w 

FIELD TESTS OP OPTICAL INSTRUMENTS 
KAVORD REPORT 77-46 

o\     rt 
o OJVO    vo in 

o o  • 
OOfOOVOCO             'S-* °<J) 
CyCM     VO      H                CJ\C\ O in 

•"• °i 
m 

rt >. 
W fc 
P.O 

°S 
<u ^ 
P o ts. 
0),O 

o 
*J CO 
to rt 

c rt 
9 G§ O 

CD rt c 
PL, P CD 

6 •p CD 
rt 
O 

d a •H •rt •— ra c-c 
C CM 

m Ü rt-P H 
c-t n 

w 
j £j rt CDrt P        -s 
<c c Ü4J d *\9    E 

•H © O S>» 
H 

o 
C rt as»    d a   - 

B. > ° . i 1          1 I  O      -u 
o rt H f. i 1          1 1          c 

•P coo c c C        CD 
O C u o O o     B 

T-3 
© < © 
rt        6 

Srt 
£ n 

rt 
p 4J  CO  S 

.o «•o a a rt rt HP 
CO Crt -H Crt •rt c 3 to 
o <ofl-<E c rt t. c 

•HC-I rt a o c-i O H 
•" o *rt fort <M G K CD 
d rt      -H © d a au 
O ft 0 4J  C, rt t. a rt O 
rtOHCSrffl CO o 
^•u i, OP. o P rt -P.C 
W CD U E-P u •W.C •" 
C B © d « 
Md 3 art ©ej> 

P 
c 

o com 
Crt c 

a-H h O.X ixrt o rt CD  CD 
WSJ E Q fr< <si W W •-! o 

w 
p 

a. 
K 

K 
O 
<M rt 
K 
O 
CM 

•3 
H 
(OOI 
3i"N 

§J 

o o    in   co 
•R I o\ro I IA 
St rt rt CM 

CMCU      CM 

•ä 

•Ö 

rt 
o 
K 
W 

IA 
O 
CM 

O O OlTvlA O 

co cocr»o rt s- co 
+3cococot—co co rt rt rt rt rt rt rt 

rt OO OlAO O 
d  
Srt t-roc-o\ o 

inininro-s- c— 
«H rt rt rt rt rt rt 

B 
o co 

1H CD 

rt 
a) 

o 

•Ö 
^ CD 
R C 

£• -Q—CD      O 
-^S e< ft< ft< d<    u 

HI 
cc m 

s 
H 
CO 

3 

o s 

APPENDIX A -   20x120x3 

rt CM rt 
rovo CO 
CM rt CM 

o 
CM rt 
K 

;?| 

§1 

coin 
CTiro rtrt 

<M«3      CM 
J*O    a- rtrt      rt 

,—„ f4 
n o 

<n 
K 

^ CO 
© 

c 3 
CD rt 
a d 
a > < rl 
© en 
CD C 
EC rt & 

S 
Wfe ü 
a a o 

ooooooooooo 
Ocncor^   ID  m   *  IO oJ 

30NVWa0da3d  JO Ai.niStfB08d 

a rt 
3 

•O 
CD 

X 
o 

O 
CM 

OOOOOOOOOOO 
ocncor-coio^tocvj- 

3"öNVwyoja3d do Ainiavgoad 

80 RESTRICiEI RESTRICTED 
81 

1IU,dllb^l_UUUAa 



•"«ns.-ttiMniiiifa..-."—Ali .1 kit 

FIELD TE3TS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1)6 

O 
VO      OtM 

in 
vo o 

OJ o     o\ 
H 
H 

.a-cvi    oo 
o,o\    o c— 

CVJ 

o 
i.—» H 

•H !» 
P SH 
ft O 
O-P 

cd 
© f< 

•p o tR 
cdP 

B p cd 
COH 

q 
•H 

H 

9 cS 1» 
O 

© -H q 
2H p 

ft Ü 
P © O 
cd P. HH 

•rt -^n 
© C =H 

CO § •HP« 
OH CO 

W 

a 
3 
o 
o 
s 
w 
pq 

< c | •H ©H 
o P cd 
CD        O >> MJH      o 

H 
<D 

c 
•H co«     O äl   - > © 1 1        1 1  O      -P 

T^ H P. 1 1        i 1           c 
-t> ton; c c c      © 
o 54J o o o    a 
© © <jj © 

s co 
•H 
•p •o co £ 

o 
vo nS cot) <3     m 

CHH q-H •o C I a 
o <J ©TlH B a •H f. C 

o 
o 
H 
X 

•H'-i •rl CO © CH OH 
P O-O EKH SH C K 

S   C<H a) H       H © <H 
O !H © 4J ft-rH SH •P --i o 
.H © -H C  3HEH n o 
5H P £,©&.© cd dU£ 
•H © SH X-P f. •P Si -P 

Cvl S3 ©   Cj 4J 
3 ft-H m» 

-p 
G 

© toco 
C-H q 

0) -H k ft x S-.-H o H © © 
S « EH a! W W i^ o 

^ ! 

s ininino O 

IS OI   COCO CTvCO f- s H|   OvOCVJCVl CTv 
H Cvl CVJ CVJ H 

ä £ 
o 
H 
CO 

H 
>J       o o oco 
CQOI   SOHrl 
<IA| \o c--o.o\ 
<B         H HH H 

ON 
EH t- S rH 5 
H CM 

IAIAOO O 

CO °J   CVIHCVJVO O s « VO 

II HHHrl H 

n 
„    o " -p 
£:  s 
K    " 
K 

H 

cd 

fi 
O 

O tn 
VO 

3 
CO r4 

0 
K > 
o •Ö 
o 
H 

X SE
TS

 

D
A

 
1

)F
 

© c 
•H 

lA «^n^o o 
OJ ft- CM ft. a, o 

APPENDIX A  -  25x100x3.6 

m 
w om o 

SI cnoj 
ovo 

in 
o 

CVJ H CXI 
05 

M 

5 irviTv in 
o OiCVl CO 
H c-ro t- 
CO dri H 

ä OH 

3 
o in o 

CO 

1   1 
§J a- in 

coo CO 
HH H 

^   § n 
ft-   2 43 
cc »a © 
cs 

H 
H 
cd 

m !H 

O 
K CH 

HH 

•a 03 
VO a © . © P 

P. H 
p, cd 

K <! > 
o © •d 
o © © 
H EH CO C 

•H-^ 

X CO •g 
in WPH o 
OJ ftp, o 

s 

il^ 
OOOOOOOOOOO 
ooioii-.tDm<fiocJ- 

BONvwaojaad JO Ainia\?aoad 

OOOOOOOOOOO 
ococor-vomsi-rocvj — 
loNVwyojaad JO Ainiavsoad 

CO 
tr < 

3    -1 
m   3 
cvl    o 

o 
o   5 _ 
<1    CD 
?J   _ 

f~ 
3    X -;   o 
N    LO 

X 

o  •- o 
en   Q 

_i 
•H 
J3 

o  x 
© 

l>-    o •P 
—    2 a < 2 

o   x 
S 

e u. 
o vo 

rO    u H 
o < o 
H 

4J 
q o   "• K 0) 

m 
Z Cvl 3 < M 

© •p 

en   *= 
J3 
EH 

CO 

c 
u- 
o q 

o in cd 

z 
UJ 
o 

H 
1 < © 

o 
ce ft Hi 
LU 
a. & CO 

•H rt 
PH :* 

82 RESTRICTED 83 
RESTRICTED 

MIT   im i   i    i iimim as      i i --—~- — 



FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1)6 

i—o 

O 
-in 

H 
X 
oo 
CM 
X 

O tfYJD     V) 

•+m°0°OI>(n   '         'lAlTvCTlOlA 
*SS°       M                 ONCOCOOJH 

•* 
«~» 

Sf? 
P. o 

°s 
•p o w. 
alfl 

J3 CO J •H 

% 
o 
H 
h 

o 
c 

•P OJ 
•H 
O 

o 
W 

0)   P. 
»d^ co «H 
©     c 

to § •H-P H 
CH  CO 

W 

J <! c § •H OH 
O -P  Bj 
©        Oh S£ s 

H 
TI 

P.s*>    s! 
con    a ££ » 

> <» . t   1       1 1 Ü c H H h 1  1     i. 
too s        a c 
C -P o         o o s 

© co «< s) 
g co         -p 

H 
.p CO  tt 

p OT nj CO            H •H 
cj CO CO  Cl-i-rl C H            tJ 

o 
I-|CH 

< CO -d S             C 
H             CO             ID CHOM 

UOflfcHtiC            CK S C«H 
O ft © -P 0,-H SH            -P T4  O 
•H O-H G 3H £H             n o 
^Pboh O                   0} 

ft «-P        ft UJ3-U 

Si © oS *» 
3 P.T4 
t, C.X 

©'S      c 
a> MM 
C-H C 

d-H ^•H             0 •H © © 
Sfi&KjWWi^t          O MUH 

APPENDIX A - 4x28x10 MONOCULAR 

mm o 

^3 21 a\c— o) H 
3 8 HI t-vo -d t- 

H^ B 
•H 

I" 
H 

3 
W 
mot 

o 
PS 
Pi 

O O   60 
•    • TH 

o\mw 
mjs- 

0) 
•o 

o mn 

o 

m 

P en 
CO 
W 

3 
8 
§ 
33 

gj o CO K 
•=}: CM W 2 CO 

ID 
3 

> p CO c! 

K 
05 

| \ 
•p 
© 
CO 

> 
© 

H a 
s H 

Si 

In 
0 

<H 

CO 
a 
3 

s 
o 
Ü 

a 
•H 

•a 
H 
a) 

H > 3 
H 

X •a O 
CO © 

CO P. * c 
CM w 

CO H"? 
•H 

•p 
K s 12 

=l§Ss 3 1? 

oq 

§ o o m . 
H 
B5 21 <^° * « •""I   HO o 

•-tH H 

1 
CO 

o         rt « 
a. 

3 mo O 

«8 §J  ^S O 

a g 
gl CO 
fU Ö +5 

B 

8 H 
H 

s a! 

Ft 
O 
U 

CO 
0) 
3 
H 

o 0 
H 

K •d 
CO 

CO EH 
CM W 

CO •s 
B 

^1 o 
•=»- O 

r—O 

Ü 
—m 2 o 

i_o 

OOOOOOQOOOO 
OoiiDSiOinTrON- 

30NvwaodH3d do Ainiavaoad 

Tb ~o o o o  o o  o o  o o 
gcncor^iom^-tocvJ- 
30NVWa0dU3d dO   AXHISVaOUd 

H 
X 
co 
04 

s 

8i( RESTRICTED RESTRICTED 
85 

^SK_a_al aia 



FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1(6 

c 00       t-   
in.   ooin   •* V£> 

^cÄ1^ '    '$«885? 
o 
a- 
CVJ 

1 '—* i >> 
P ft 
P.O 
O-P 

Hi 
© ft 
-P o •A 
at> 

o 
-p d 
CO H 

c 
ft 

H 
ft S o >> 
3 
Ü 

B o 
© -H 

ci 
c 

H ft, -U ID 

&4 Ü •H 
H -P    0 o 
o cj O. •H 
pq -d— n «H 
P-t ID       c Ci 

CO | •H P H tj) 

vA s TH © tH P       •* 

< o c 
•H 

2 o -p a 
©      o >> Sft      O 

H 
EH O 

a co«   a ä5   . 
CM > © t   1        1 i o -p • 
O •H H ft 1   1        1 i        a 

-p COO c       c C     g 
Ü q-p o         o o     B 
© © <* © 

•H    a En          -P -P   0)   ft 
,a tea s) to          --J 

C-H        -d •H a -p 
C O G H fl Cäia 
o <8fl-(6          C ^ ft c 
M«H •rt oi          © C-IÖH 
P o-d 6. .-H c-t c        K S ct-i d H       TH o a! 
o ft ©-P P.-H ft             -P •H O 

•H © -H C p H EH           co o 
«H -P tx* 0) Pt o              at •H-P J3 
•H © ft CS-P          ft •P.C.-P 

O MM 
a-rt c q a © d P 

3d 3 P.-H ©tl         C 
d-i ft C.X S>>»H            0 •HO© 
EOEH<£!HW,H         o 

in in o 1 SI ova- n 
\o t—-d 

o c 
HM cog 
EHH 
PS PS 

> 
O OM o 

Sm 
H 
!3 

03 9.1 

& 
a. 

Ht-PS 
tn-a- 

•d 
CD 

+ 3 
inoH 

CO 
in 

o 
CO    5 

g 8 si •  • o 
ii-CO X 
fOHM co CO 

© 

3 g p 
•s  2 H >  a to a) 

a.   o -p > 
CO 
n 

H 

-d 

© a 

s d 

fi 
0 

01 

.O 
a o 
Ü 

& 

o m 
CO 

© 

d > 

•0 

3 
K d ü 

q 

o 
CO 
EH •«* 

© a •H 

co w --•W •H X3 
CO tH-— 42 IO 

K —-iH a 1? vo 
<iCQS—' O 

o 

APPENDIX A -   6x30x8.5° & 6x33x7° MONOCULAR 

^»S>> 
*5 « 

min^-t-H o 
.    .HH 

oi o m-^-H H 
A H    HC7\,0.0 O < 1   H       -rlrH H 
Z ffl  £0 
ow SH                -H-H 

coS 
EH                     >> 

M ^1 
En OS H         O O   •• " O 
asm noi    .   . e) c) 
o <irJ COCO-P-P 

(3      eric—dö 
CO 

H co 
03 
a,               -p-p 

C c 
K © © 

a •H-H , o m o o — 
CO 

o CH   fOO^Ct <o 01 := o covocic-i C- © H B p p 3 s o 01  CO > s c q aj 
HM C0 > (U a 4J 

CG 
K 

© 
CO o 

» H -H o r-i ^ 
s (3 

U o 
5-1 

a 
© 
P 

r-H 

E 
o 
o 

G 

-ö 
o 
•d o a 3 

t~ > ^ 
H 

ro 
ro 

CO 
EH 

CO                    pi^ 

•a 
© c 
a 

O c 

1 o « OCO c z 
S45B 5 F 

vo wpq^—— o 

o 
-IO 

1—o 

o o o o o 
o CT> co r*- to 

CO 

< 
o 
o 
z 

r- 
x 
o 
to 
X 
t» 
o 
_1 
Ul 
I 
o 
z < 
X 
u. o 
UJ o z < 
z < 
Ul 

o 
z 
UJ 
Ü 
a. 

•d 
© 

co « 
o 
K 

ino 
.   o o    •  • 

\orot— winm i 
ro   a-    w 

mo\   o-~r 
o\co    incu 

t— 

30Nvwa6da3d do Ainiavaoad 

7? 

§ 

ao 
o^> 

=3 
© ft 
-P o 
ao 
co 3 
c c 
a o 
© -H 
a. -p 

o 
P o 
cj P. 

'd^-' oi 
o     c 
H P H 
CM O 
-IOH 
O-P d 

IS. 
e 

CO 
o 
-HCH 
4J   O 
d  .   r 
O  f<  I 
H ©; 
«H-P 
-H  © 
c a 
COD 
d ~H a« 

© 
H      Hf. 
)     too 
J       C-P 
) © «=! © : 
•»   *-rt»rH   M 

«; ©-o • 

p.s>> 
com 

i i 

c' 
o 

4S -P 
>>cOf< 
d -H d 
Saa 
I   I o 

0H © 
ft 

© d -P 
p C.-J 
ECK 
EH<S:W 

<<H a 
t © d 
5.-H fi 
!H E< 
• o 

© to 

c © 
O S 
w P 
P 01   ft 
-H G p 
C d o 
-i ft a 
C-tOH 
o 
Q Ct-t 

-I PÄ 
-PX -p 
Ott» 
a-i c 
MOO 
WSJ 

t- 
03 X 
-H o 
,i5 in 
EH 

2 fi 
d •p 

w 
P t-t 
o o 
o 
a a 
o o 
a 

p 
o rt 

t— o 
K TH 

to =H 
CO -H 
K •d 

\o o 
a 

© 
a d r-i 
EH 

n 
d 

•H 

? tö 
co -H 
w p 

a 
o 

e^ 
< a 

-H 
o g 
ft a 
§1 01 o -! a ,a 
6t -t 01 

RESTRICTED RESTRICTED 
87 



FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1(6 

co    in 
irvcom   •» 

vo<nooa)inin '        Hin i ON 
CO     a-      CO                CTit-     OVO 

•a- 
CO 

i •—* 

it fto 
O-P 

d 
© u 

•P o >R. 

o 
H 

cd,o 
•p oj c 

•H 

as O 
©•H 

&i CLi 4J 
o 

•p © 

IS ^«ft 
©    c C* 

3 I jp 
H-PH 
i-t  R 
•rt OH 4J    » 

c * Ü -P 0) 
©        O >> 

.G-P      S 
SO?«      O 

E< 
© 

c 
•H 

B.>>     a) SI    - 
<D i  i      i i o    *z 

a crt U •  i      i 1           c 
•p too c        c c     S 

o 
o G-P o        o o    a 
<1> © < © g-rt              -rt 

ER              -P •p n 5 
jo NW d R        ^i •HS« 

G a a SOOrirfCH          T3 
O <i O-O H B          G -HF.S 

•rt«-l •rH 0]              © «HOH 

CO 
•u cd ü,H«H q        K 
0)      H      •rt © <3 3 G<H 
o u © 40 p,-rt &<             4J •rt O 
-H©-HC3iH&<          n O 
^i -p &« © Pu ©             a) •rt .PX: 
•H © U K -P           f< »«-p 

§>ä © Cj .p 

5 ax ©ft         C 
© coco 
G-rt G 

a!-rt S>>rt         o •rt © © 

EH 
E Q EH <: W W irt          o 

>>>> 
»J •P A3 

•HH 
Ol    .    . 
H| o\0\ 

OlTl    -OHH o o w •    • R    "rt-rt 
MO 
m a 

a-WO CM .0,0 ITV 
t-o\ COCO  CC0 -rtH t- 

H 

H 

•rt        QQ 

*       £S o ft 
s 

<"SoiA 
S        VOC0 

OCOrfO  •• « 

COH       C~-P-P 

o\ 

vovo    ir\dd \o 
K „•    QQ 

©    .p .p 
a •o    c c 
5 OlTv 

3        © © 
coirvHinH-rt CO 

«   8 gJoJH COCO   K-3- -rt-l CO . 
S    o *cAwt>m^ ITV a 

1   § 
C-lQ-i © 
3 3 3 
n n -1 
c c n d 

Ö   1 
Mt-I « 

n 

H 

> 
© 

O H •rt 

S 0 

u 
0 

n 
© 
3 
H 

E 
o 
Ü 

C 
-H 

•3 
© 

o d •d 
oo > 3 

H 
K •d O 

CO o c « c -H 

03        H 
-—w » * ^ 

K X            «—H O  O s O 
•— SbJigS^-SB <n wwss—s-—- 

o K 
VO a * 

i—o 

o - 2 
_ Ü 

ooooooooooo 
ocooot^iom'tiopj- 

30NVWU0jy3d JO AJ.I"ll9V90Ud 
30NVWaOdcJ3d dO Ainisv9oyd 

RESTRICTED RESTRICTED 
89 

•<-*•"— 



FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-J)6 

o 
-Q 

-in 

-o 

s o 
H 

S o 

o 
b; 
p- 
01 

PH 
o 

oo            C--     * * * * 
in 

c\ia\    in    co 
oco 
IT\H 
t-r-l 

o 
rHVOyDO t- 1 •-» 

VOMD coo ov=r     P f. 
HC\     LA     CO      P. O 

C- 

a) t. 
P o 

p <rt 
to J 

a 
•H 

s§ 1» 
Ü 

<s> 
© 

p 0) 
cd a 

©     c 
•H-PH 
<H O 
HOH 
O P Ö 
a     o >> 
P.!»      oj con    ö 

rH       H ft        I 
p     too     fi 
o     CP     o 
© © < © E-H 
•^H        g S 01 
£> C0T3 0)        01 

CO C rH-rl  C-H 
o   <j OTJ^I a 
HCH       -H 01 
P OTJ feH«H C 
Qj rH -H © Cj 
Ofi«» ft-H f. 
HOHC3HB 
CH P fct ©P. © 
•H ö>        k       KP 
Sa © aP    ja 

3 P C..H © U 
(3.H S. P,X !»w 

C-l s w p. 

-p   -1 S 
.•St. 

S      oi 
o 

ÜB -      rH 
. ü •p 

C 
© 

c c    © 
O      B 

a»S 
rlS4> Cin 
•HflS 
«H OH 

•H O 
O 
HS* 
Bfi4) 
© to to 
CHG 
•H © © 
«ISP 

6 IAO o 
S 21 oj "5 co 
O W <-<. .=»•.=)- j=t- 
HO H rH 

H 

H          °° 
«91    C^lA 
S1^ da 
o        rHrH 

H 

o 
H 

O 

t- 
H 
H 

05 
PL. 

3 O «A O 
02   ^ 

II 
SI»» co 

01 
•p 
© 
01 

g rH 
H 

s 0] 

O 

01 
o © 
01 3 
co > 
K 

•a 
vo CO © 
CTl E* C 

tu •H 
K CO 

O M3 «o 
H OH 0-C o 

APPENDIX A -   16x96x3.2° MONOCULAR 

c 
<s a 
01 © 
0 .a 
£ 

o 
© 01 
p. •H 
o Ö 
o 
01 C 
© 0) 

-in 

ooooooo   OOÖO 
O oi m  s ID m  *   roevj- 

30Nvwaoda3d do Ainiavaoad 

in 
tr < 
_1 

o 
o 
z 

X 
o 
lO 
X 
r- 

o 
_i 
LÜ 
X 

o 
z < 
X 
u. 
o 
ul o z < 
z < 
ÜJ 

z 
UJ o a: 

(S 
CO J3 « p 
VO 
o\ o 
X 01 

MD E< 
r-i © t3 

o H 
© © 3 

g a. 
O 
O 

© c >> o 
© g 

o' 
CVJ © o 

1 rH H < A3 
d OJ 

© p X 
f. 01 V£> 

§> 3 
X 

H •d -=r 
b. 0] evi 

90 
RESTRICTED 

RESTRICTED 

144909 0-47-1 

91 



^^^r^^^"" 52E 

FIELD TESTS OF OPTICAL INSTRUMENTS 

NAVORD REPORT 77-1(6 

*l     i—O 

ü 

o o       <o o 
o 

HVOCUCOClH OvCT- 
OlTl 

CTv 

•H t» 
43 f< 
ft O 
°S 

u 
•P o >S. 
0) £> 

o 
H 

•P 3 C 
•H 

a 5 c 
O 

-H c 
A3 ID 
t) T( 

43 a> O 

Ed Q) ft •H 
m *H 

cQ C U 
•g rl«H w 

05 

3 
O 

o 
H 

O 

Ö f eo
if

 
te

s 
ca

l A>   - 
43U    a 

S>.t2)f<     cj. 

0 > 
ft>. 
CO« 
t  i 
i  > 

• i 
i i 

60O c u 

O 
s 

G A3 0 o    a 
o 

H        S §2 •H 
A3 A3   03   5 

fl K)T5 <a c? 
Ej O C H -H C-H •d Con 

<©Q'H a U 
•H^ •H n 
A3  0 Tj" fcrHC-i  C is 
d H       W Ü  Ö 
o u O A3 P.—1 ti •H o 
ri»dC3Hfl 
tH A> i< Ilh o ol •^ AS.C 

F< KA> M A3 J3 A3 

cu SI ® a) A3 
3 ft-l OU) c 

o MM 

gj CJ-H t( ft« >>Tl o 
o 

t- 
K 

Ol o <rw Oi H 
o 0\O\m o\ 
H H 

•j     irioino   co 
SSI  -^cÖHO      O-I 
^"1 CO t-c-H      t- 

9| mcjino    t— 

H 
H 
a! 
u 
'-: 

—«—O 
0_ OH C CM 

a 

APPENDIX A -  21x76x2.8    MONOCULAR 

co 
tr. 

h- 
o 
o 
rvj 

< 
3 
ü 
O z 
CD 

X 
o 

• 
S.

B.
 

S
.B

. 
A
 S

.B
. 

S.
B.

 

O 
CO 

SoSg 
o r- 

lip / 
(0 X 

o 
in 

&8Ä3 / . O <* 
X 

X
7
6
X

2
. 

X
7
6
X

2
 

1X
76

X
2 

2
IX

7
6
X

 

o 
pO 

jr 1 % 
- 2 r.cvi• • i o 
. o d V 

—« /// u 
o < 

X „ p» (Z/1 

_ • 

-o                             > / o 
CO 

o 
UJ 
19 / 7" , <( / o It 

I /? <A> 
7 

j o 
< 
UJ 
2 
ii. 
o 1 o 

CJ z 
III , \ (> 

-i_    1      1,     1      1      1      1      1      1     1. — tc 
ooooooooooo 
OoiiosiDinifiow- 

30Nwwaojy3d JO AiniavGoad 

ooooooooooo 
OcncoNcom^iocM — 

IoNvwaodd3d JO AiiiiavaoMd 

CO 

< 
_i 
3 
O 
O 
z 
CD 

o 
N- 
X 
o 
in 

UJ 
X 
Q 
z < 
X 

UJ 
C9 
z 
< 
ce 
z < 
UJ 

u. 
o 

UJ 
o 
cc 
UJ ?! 

tu 

RE:T
C

:CTHD 'ESTPICTED 
93 



tiltt.KUi ii II1»-" "i   il   ' ill' 

FIELD TESTS OF OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1)6 

GQ   CD CO 

CO   <"" o 
IT < 

\- <fc <M _l 

X o 
CD ST0- 8 o 

7 

2 II OJ 

o 
CD 

a 

o     1. CO 
C\J   °) / X 

cvi <u 

en J 
/ / 

/ 
o 

Ü 
in 
X 

x 2 / / o 
I £ * ?• N /- o _l 

LÜ 
I 

^^ n 
o 2 

/ ' N < 
X 

A O 
u. 
o 

—1— O 
LÜ 
CD 
7. 

O < 
CO a. 

o <. 
1 

u. 
i                                          1 o O 

T 
1- z 
Ixl 
O 

O   O 
o o> 

o 
CO 

o o o 
i^-  to m o o o c 

«•   (O   N    - 
c Id 

a. 

•H H 
Iri s 
Ü •H 
01 
H O 
3 <M 
O 
O 
G M 
o vr> 
S 

<M VÜ 
r-l 

<\l 
K <t> 

VO .c 
(TV .u 
X 

•3- <M 
<M o 

O 
a; a CM 
fl o 
H •H 

•P 
a 
o 

< 

(VI •H •H 
<M 

1 
5-1 
•H 

b. 

< Tl c 
O •H 

OJ R 
l-i c 
r>. d S 

FIELD TESTS  OF OPTICAL INSTRUMENTS NAVORD REPORT 77"16 

APPENDIX B 

30NVWÜCUH3d £0 AiniBV80Hd 

9" RESTRICTED RESTRICTED 
95 

^J 

MM -•  -   -•«-— innim-Ü 



JI fat.-loV4.WMai k>*M"*l » •^-... •*•• a,. ...yH^, ^.uma. SS .tJ^M—rSMÜSS .^Wh-a-^-.-ij; 

FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77"46 

APPENDIX B 

Appendix B is a complete report on the 

experiment.  In Part I, full detail of all 

procedures, both operational and statistical, 

?s given, so that the techniques and methods 

may be evaluated in fine and so that such 

techniques as have been developed may serve 

to guide those who, at some later date, may 

attempt to perform a similar experiment. 

Part II contains certain results not 

immediately relevant to the primary purpose 

of the experiment (which was to compare op- 

tical instruments). 

More important, however, Appendix B pre- 

sents in detail all results included in the 

report itself, and extends and clarifies 

each of them. An attempt has been made in 

preparing Appendix B to foresee questions 

and objections which may arise in the crit- 

ical reading of the report, and to present 

the full information which may assist the 

technical reader in evaluating the experi- 

ment for himself. 

For the convenience of the reader, the 

order of presentation of material in Appendix 

B roughly follows that of the report proper. 

HISTORY OF THE EXPERIMENT AND INTRODUCTION 

Since the beginning of the recent war, a 

number of problems in optical design have been 

continuously present.  Decisions on matters 

of optical design have been required regularly 

In the procurement of binoculars, telescopes 

and optical fire-control apparatus.  In the 

absence of definitive knowledge, decisions 

have been made on the basis of "experience" 

or (until recently) of incomplete laboratory 

work, the results of which are difficult to 

evaluate and apply in terms of the actual 

conditions of service. The Bureau of Ord- 

nance has frequently found it necessary - 

and difficult - to adopt new optical designs 

In the absence of quantitative field data 

and to design new 3ights or other equipment 

without definitive and concrete evidence, 

theoretical or practical, as to the relative 

RESTRICTED 

weight to be assigned such variables as 

magnification, exit-pupil diameter and field 

size. 

Although military problems have stimu- 

lated a great amount of research In binocu- 

lars and other optical equipment, and many 

laboratories both in the United States and 

abroad have Investigated one or another as- 

pect of the problems raised, a remarkably 

small amount of experimentation has ever 

occurred under field conditions. The work 

of Hyde* and his associates in 1917-1918 

stands almost alone, and its results are 

restricted in scope. 

In the late war, only one attempt to 

* Hyde, E. P., Cobb, P. W., Johnson, H. M. 
and Weniger, W. The Relative Merits of 
Monocular and Binocular Field-Glasses. 
Proceedings of the Franklin Institute, 
Vol. 189 No. 1130-14, February 1920. 
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evaluate binoculars in the field vas per- 

formed. This work, conducted aboard ship 

for the German Reichsmarine, consisted in 

crudely controlled evaluations by experi- 

enced personnel of a series of binoculars 

varying in magnification and exit pupil, 

and the conclusions vere reached on the 

basis of x-emarkably unscientific data. 

The present field experiment on binocu- 

lars and optical instruments developed out 

of a series of discussions in the Army- 

Navy CSRD Vision Committee in late 19kk 

and early 19^5. At these meetings, rep- 

resentatives of the Bureau of Ordnance 

repeatedly raised certain problems of 

optics! dssija to vhich satisfactory 

solutions hsi ic; been found. A 

sub-c-cmmitt«e. insisting of the following, 

vas termed; 

Ar. C. V..  Sr&?. Applied Psychology Panel, 

Ccmcr. 5, 5. Sillard, Bureau of Ordnance 

Lt. :cl. ?. 5, Cis=er, Office of the 

rr. ä^lLj äsjit. Laboratory of Blo- 

W-'-.'i. :jl--=tia University 

3r. Ibsc£--r? D^±£=, Jr.. Section 16.1 

(;?ti;s_: l=»Krj=eats). CSRD 

Lt. 5. E. Fvlliig, Bureau of Ordnance 

Lt. Si^ry lord;-. B-..resu of Aeronautics 

— - - " - ^ * T-rvl&^j;. Medical Research 

re?-... S, M Ssse 

2r. r. ;-. Marcos, a»;>_sive Secretary, 

Är*-c-?^. * _?**;: LCsdttee, Secretary 

ri? ?oIlovir.j i-i;-STiozs v=-rv p:&;!?d tefc 

:iis .-.-ami •::;??: 
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are best suited for hand-held use in detect- 

ing and recognizing surface and aircraft 

targets at night: 

(a) 7x50x7  standard binoculars 

(b) 7x50x10 standard binoculars 

(c) 9x63x5  standard binoculars 

(d) 10x50x7 standard binoculars 

2. What are the relative advantages of 

the above instruments,  and the following, for 

mounted rather than hand-held use: 

(a) 6x50x7 binocular 

(b) 6x33x8 monocular 

(c) 10x70x7 binocular 

(d) 12x60x3.3 binocular (German) 

(e) 20x120x3.3 binocular 

3. Hov much advantage is gained by a 

binocular over a monocular instrument at 

night? 

k.    What diopter setting should be used 

in fixed-focus instruments which are to be 

used in the daytime and at night? 

5. What advantage is gained in a 

mounted binocular telescope by an exit 

pupil larger than 7 mn.? 

6. (a) Should the eyepieces of binocu- 

lars and telescopes be set at night one 

diopter more negative than daytice settings? 

(b) What loss in range of detection 

obtains at night when incorrect diopter set- 

tings are used? 

7. How critical 13 precise lnter- 

i.urillary adjustment of binocular instruments 

st night? 

^. What are the advantages gained by the 

-as of head rests? 

?. What loss in range of detectable?? 

at sight is produced by the use of a dimly 

lit r«a crossline? 

10. What are the contrast sensitivities 

and resolving powers of the dark-adapted eye 

across the field of vision? 

In a series of meetings, the problems 

presented were carefully considered and 

formal answers based on laboratory and theo- 

retical data were presented.* 

In attempting to formulate these answers, 

it became clear that from the service point 

of view, a certain amount of field experimen- 

tation would be required in order to validate 

and supplement the laboratory work.  It was 

therefore decided to undertake a large scale 

field experiment which would be designed for 

precisely this purpose and in which only 

experienced observers from the various Ser- 

vices and Research Laboratories would take 

part. A sub-group was charged with the 

responsibility of outlining the procedures 

of such an experiment. Their plan was com- 

pleted, approved by the Subcommittee, and 

by the full Committee, and, eventually, 

presented to ComlnCh for action. 

The difficulties encountered In the 

execution of such field experiments have 

usually been considered prohibitively 

great. Most derive from the essential 

impossibility of adequately controlling 

the many variables which Influence the re- 

sults. 

Many of these variables are physical: 

factors of visibility, wind, of sky bright- 

ness, and of sea condition.  Others stem from 

the physiology and psychology of the human 

animal. Beck has enumerated some 60 vari- 

* Minutes and proceedings of the twelfth 
meeting 12 June 1945 of the Army-Navy URS 
Vision Committee, pp. 20-26. 
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ables*, physical, physiological and psychol- 

ogical, which affect such performances, and 

of these, it is possible to control accur- 

ately only a fraction.  In effect, then, 

to take such a problem out of the laboratory 

into the field initially commits the experi- 

menter to the acceptance of a variability 

which may be so great that the effects under 

study are completely obscured by the effects 

of variables Impossible to control adequately 

In the field. 

The only hope of adequately controlling 

this variability, so that valid results may 

be secured, is to plan the experiment with 

that end in view, and then to supervise and 

control the execution of the plan in detail 

so serious sources of error are not inad- 

vertently introduced by unqualified opera- 

tional personnel. 

Not only is there the expectancy of poor 

data, i.e., data showing no significant dif- 

ferences, but there are also the added prob- 

lems ensuing from the complex arrangements 

required to perform a field test. 
The problem of administration can not 

be met by reduction in the scale of the ex- 

periment.  It is not advisable to perform a 

field experiment on a restricted scale: the 

variability, dictated by the lack of many 

usual controls, requires that a large number 

of observations be made. Further, the pur- 

pose of performing a field test requires 

that the test itself approximate as closely 

as possible the actual conditions, operations 

and performances met under^actual field con- 

ditions. 

* Beck, L.H., An Experimental Investigation 
of Binoculars as an Aid to Night Vlsltion. 
(PhD thesis, Department of Psychology, 
Brown university, May 19^5.) 
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The question may arise as to why a field 

test should be performed at all if, at best, 

its results will be highly variable. There 

are several compelling reasons; they stem, 

paradoxically, from the very advantages 

which the laboratory enjoys. 

The precise data obtained in the labor- 

atory owe their excellence to the careful 

control of the relevant variables, and to 

the use of skilled, carefully trained ob- 

servers, usually few in number and unrep- 

resentative of the general population. 

For problems of theoretical importance, and 

for pure science, this is, Indeed, as it 

should be. But when the problem under study 

is essentially practical, such as the pres- 

ent one, certain difficulties arise: the 

variables under control are abstracted from 

the situation itself; sky brightness with 

its variations owing to moon, clouds, 

aurora, etc., becomes the uniform and 

meticulously controlled and measured field 

brightness. Variations in haze and fog - 

the problem of visibility - are simulated 

by variations of target contrast which are 

not always easy to relate directly to the 

field conditions they purport to represent. 

The observations themselves are reduced to 

simplest terms, and the actual manipulation 

of the glasses themselves stripped so that 

the smallest demand is placed on the observer 

to do anything other than make a simple 

visual discrimination. To approximate non- 

visual field conditions in the laboratory 

unwieldy apparatus is required which must be 

carefully designed to reproduce such variables 

as vibration, or roll and pitch. 

When complete the laboratory data are 

NAVORD REPORT 77-1)6 
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definitive, and appear to answer clearly and 

unequivocally the type of questions posed. 

The difficulty arises in the application of 

the results to the'operational situation. 

In the field, relatively inexperienced 

individuals are used, and they are an almost 

random sample of service population. Cer- 

tain instruments may perform very well in a 

laboratory but are bulky and heavy. Aboard 

ship, visibility, vibration, roll and pitch, 

and the standing of, long watches, may either 

reduce performance with one instrument or, 

with some other instrument, may be offset 

by the skills acquired by an experienced OD 

or lookout. 

To apply conclusions reached In the 

laboratory to the field, one may either make 

the best possible guess, on the basis of 

information otherwise at one's disposal, or 

formulate and solve the problem mathematic- 

ally, or perform a field test on item3 

sufficiently representative of the labora- 

tory data. In the absence of field valida- 

tion* of a particular Item, its probable 

validity may be estimated on the basis of 

comparable laboratory findings which have 

been field checked. 

The first of these procedures 13 the 

easiest, and for many problems may suffice. 

The second may be a more scientific procedure 

but can yield even le3s reliable results, 

since tacit assumptions may enter.  The 

conclusionsreached by either method are 

3tlll subject to experimental te3t. The 

third alternative, the field teat, alone 

* By determination of validity is meant 
the measurement of the accuracy with 
which a laboratory finding may be re- 
peated in the field under conditions 
for which it was expected to apply. 

produces results which are dependable. Not 

only may laboratory findings be validated, 

but also the adequacy of theoretical treat- 

ment may be tested. The use of a field 

test by no means precludes simultaneous 

logical or mathematical treatments. 

It was on the basis of these con- 

siderations that the experiment reported 

upon in the present report was under- 

taken . 

With these considerations-in mind a pro- 

gram designed to meet the need for informa- 

tion was set down and submitted to CominCh.* 

The program was activated on August 2h, 

19^5, with the ordering to the U. S. Submarine 

Base of the DE Mason by CominCh letter.** Two 

weeks later, the U.S.S. Peary relieved the 

Ha30n***, and on September k  the first trials 

were run. 

A3 the work progressed, with experience 

and preliminary analysis of the data col- 

lected, with new questions raised by BuOrd, 

and with the exigencies of demobilization, 

* Sub Base Confidential letter NB7/S71-8/ 
L5(MR) Serial 2722 of 30 July 19^5 with 
enclosure "Proposals for Field Test of 
Optioal Equipment". 

** CominCh confidential dispatch 131322 of 
13 August 19f5. 

*** CominCh confidential dispatch 2319f of 
23 August 1915. 

HISTORY OF THE EXPERIMENT 

certain modifications were necessarily made 

in the original experimental design. These 

changes were, however, not drastic, and 

the program was carried through as planned 

in all essentials. 

The original field test3 were planned 

In six parts, as follows: 

a. Optical instruments for night use : shore 

and floating targets. 

b. Optioal instruments for day use : shore 

and floating targets. 

c. Optical instruments for day use: aircraft 

targets. 

d. Daylight sky scanning procedures. 

e. Use of color and neutral filters for 

haze penetration. 

f. Miscellaneous experimental problems. 

Of these, parts a and b were com- 

pleted. Parts c and d were dropped owing, 

in the former case, to difficulties in 

arranging coordinated operations with air- 

craft during the period of demobilization, 

and in the latter, because of the termination 

of the war, and with it of the suicide aerial 

attack (Kamikaze) problem.  Of the several 

items combined under f, some were assimilated 

in a and b, some were performed separately, 

and some were cancelled. Part e will become 

the subject of a separate report. 

THE CHARACTERISTICS OF TELESCOPES 
WHICH AFFECT TARGET DETECTION 

In order to make clear the problems 

facing those who design terrestrial tele- 

scopes, both monocular and binocular, a 

brief treatment of significant factors will 

be presented. 

Such optical instruments are deslg- 
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nated in term3 of three figures. The first 

of these gives the magnification or number 

of times the system magnifies the linear 

dimensions of the target.. The second is 

the diameter of the objective lens, or 

entrance pupil, in millimeters, and the 
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third is the angular diameter of the field 

vhlch is seen through the instrument, in 

degrees. The quotient obtained vhen the 

second is divided by the first of these, 

yields the exit pupil, the diameter in 

millimeters of the beam of light which 

leaves the binocular, and may enter the 

eye vhen it is held in the correct position.« 

The exit pupil constitutes an index of the 

brightness of the retinal image obtained, 

and hence of the telescope's utility at 

night. These figures give data significant 

from the point of view of vision, as well as 

infojmation on the general size of the instru- 

ment. A wide objective lens, for example, 

when associated with high power, indicates 

that the instrument designated must be large 

and heavy. Similarly, larger field sizes 

require larger prisms, and consequently a 

wide and heavy instrument. 

This nomenclature does not exhaust the 

list of important variables, nor does it ex- 

plain the role of each, and the problem It 

presents to designers. 

Magnification:  Magnification increases the 

range at which a target may be seen by night 

or by day. By day, it permits otherwise 

invisible or indistinguishable targets to be 

seen by increasing the size of the image fall- 

ing on the light-sensitive retina sufficiently 

so that the image becomes larger than the 

limiting 'grain' of the retina (which would 

otherwise make targets smaller than approxi- 

mately OA  minutes of arc invisible). At 

night, under low levels of illumination, 

this grain is even coarser. But, the night 

* More precisely, exit pupil diameter Is the 
diameter of the image of the objective len3 
formed at the eyepiece. 
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advantage given by magnification stems from 

another physiological property of the eye, 

which plays a more important role by night 

than by day. The retina functions in such 

a way that it i3 more sensitive to large 

illuminated areas than to small.  Against 

equally bright backgrounds, a large area may 

be dimmer or appear in lower contrast than 

a smaller area, and yet be more readily vis- 

ible. The limits of area and brightness , 

within which this is true are relatively 

restricted under high Illumination, but 

under low illumination, they are wider. To 

be equally visible with a large area, cover- 

ing up to 20 to 30 minutes of arc, a small 

area must be brighter by a factor equal to 

the square of the ratio of the diameters. 

Thus, by increasing the area over which its 

image falls, magnification may 3erve to ren- 

der visible an object which would otherwise 

not be seen. 

Exit Pupil:  Exit pupil offers an index of 

the amount of light that an optical instrument 

will gather and send Into the eye to provide a 

retinal image.»This Is of very great Import- 

ance at night, when all the light possible 

must be used, sincethe more light, the small- 

er and the less contrasting may be the tar- 

gets which the eye can detect. The maximum 

value of the brightness of the image which 

an optical instrument can put on the retina 

is the brightness of the target a3 setn by 

the eye alone. No binocular can 'gather' 

* The brightness of the image is a function 
of the square of the exit pupil diameter. 
Thus the image produced by a telescope with 
an exit pupil four millimeters in diameter 
13 sixteen times brighter than that produced 
by a telescope with an exit pupil one 
millimeter in diameter. 

light to produce an image brighter than 

that seen by the unaided eye. This is be- 

cause the pupil of the eye acts just as 

does the diaphragm stop of a camera. At 

night It is fully expanded. But it will 

not allow to enter It a beam of light any 

wider than its own diameter.  Consequently, 

no matter how much light a very large 

objective lens may be able to gather, the 

effective objective lens is always equal* to 

the product of the magnification of the in- 

strument and the diameter of the observer's 

pupil, and any increase beyond that in the 

diameter of the objective lens is wasted. 

When it is considered that in the case of the 

unaided eye, an Image of unit linear dimen- 

sions is illuminated to a brightness made 

possible by the diameter of its objective 

lens, which is the pupil diameter, and that, 

in the case of an M power binocular, an Image 

M times greater than unity in linear dimen- 

sions is illuminated to a brightness made 

possible by an objective lens M times the 

pupil diameter, it will be seen that at best, 

the brightnesses of the two images are equal, 
2 

although one image covers M the area of 

the other.  In practice, the image obtained 

with the telescope will always be less bright 

than that with the naked eye, since there is 

an inevitable loss of light in the optical 

system (which will be discussed in a subse- 

quent paragraph). 

Thus, although a large exit pupil, up 

to the limit3 of the size of the observer's 

pupil when it is fully expanded, gives sub- 

stantial benefits at night, it is unnecessary 

HISTORY OP THE EXPERIMENT 

during the day, when the observer's pupil is 

contracted and blocks from the eye most of 

the light provided by the telescope's exit 

pupil. 

Light Transmission:  Light transmission is 

the percentage of the total image-forming 

light falling on the objective len3 of an 

instrument which is transmitted through the 

instrument and is not lost by reflection or 

absorption in passing through the optical 

system. Like exit pupil, It Is of most im- 

portance at night, when all the light pos- 

sible may be utilized. It presents certain 

problems, many of which have been solved by 

the use of magnesium fluoride, and similar 

lens coatings, which have the property of 

markedly reducing losses by reflection, and 

which consequently may Increase the transmis- 

sion of an instrument by as much as 50$. 

Contrast Rendition:  Contrast Rendition is 

a property ,of optical instruments which has 

only recently been studied, and which has 

proven of very great Importance in determin- 

ing the visual efficiency of a telescope. 

It is "a measure of how nearly an image of 

an object formed by an optical instrument 

resembles the object with respect to bright- 

ness contrast." It 13 defined as follows: 
C, 

OR 100 

where C^ equals image contrast, and 

C. equals object contrast. 

Contrast is one of the most important fac- 

tors in the determination of the visibility 

of a target, and is defined by the following 

equation: 
C = 

B. B 

Bb 
AB 
B 

* This assumes, of course,, perfect align- 
ment of the binocular with the eye. 

where B^ is the absolute brightness of 

the background, and Bt that of the target. 
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The significance of the factor Contrast 

Rendition and its interrelationships vith 

magnification, exit pupil, and transmission 

for the use of optics at night may be under- 

stood if it is recalled that in determining 

the visibility of a target at night, the 

three most important factors are fl  , the 

solid retinal angle subtended by the target, 

B, the brightness of the background of, the 

target, and AB, the difference betveen the 

brightness of the target and its background. 

AB/B is, as defined above, the contrast of 

the target. When binoculars are used, A Is, 

of course, determined only by the sise and 

range of "the target, and M the magnification 

of the binocular. The values at the retina 

of B, A3, and  AB/B vary not only vith 

the cor»spending values of the target, but also 

vith the transmission of the binocular, vith 

exit pupil, and vith the Contrast Rendition. 

This is a variable Independent of the others, 

vhose magnitude is a function of the ratio 

of the brightness of the scattered* light to 

the brightness of the target. Since the visi- 

bility of a target varies considerably vith 

the contrast, it is evident that any differ- 

ences in the Contrast Renditions of eptical 

instruments vill be reflected in differences 

In the ranges at -which targets nay be detected 

vith them. 

Contrast Rendition (CR), then, ilays a 

very important rele in determining the visi- 

bility of a target thrcugh an ettical instru- 

ment, it is nov "under intensive study at the 

Crtical Inspection Labe rate ry, rennsylvaria 

State College, vhere the assign f&ctcrs which 

* That is. ncn-ima«-;ermine .;c; c • - - 
internal iffl'ctic-s se-;2 JHilar^factcrs" 
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determine the CR of optical systems are being 

determined. In effect, a glass of poor CR, 

in which stray light is scattered across the 

image of the target and so decreases the value 

of the contrast, displays the effects of vhat 

may very properly be called a built-in fog. 

Resolving Power:  Resolving Power 13 the 

ability of an Instrument to measure very 

small angles, or to distinguish very 

fine lines. It is closely comparable to 

the visual acuity of the eye.  In daytime, 

it is of course of the greatest importance 

that the system have a resolving power suf- 

ficiently great so that the limiting factor 

in visibility Is the resolving pover of the 

eye, and not that of the instrument. At 

night, this factor is of little significance, 

since the acuity of the eye is so poor under 

lov levels of illumination that it cannot dis- 

tinguish in performance betveen a glass of 

very poor resolving power, and one of good. 

Field Size:  Field size owes its importance, 

not to the properties of the eye itself, but 

to the node of use of the instrument.  Pro- 

vision of a large field improves greatly, in 

both speed and efficiency, the procedure of 

scanning by which the instrument i3 used in 

search, and also the spotting of a target by 

an observer, to vhom the location of a target 

has been reported. An instrument of small 

field is extremely difficult to keep trained 

en a target, especially in the presence of 

roll and pitch. 

Of these properties, certain of them are 

not " incecpatlble'. They do not require an? 

changes In the sise or velght of an Instru- 

ment, tut rather present engineering difficul- 

ties Ir. the techniques of design and mair-fac- 

?.££T?:::ir 
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ture. These are Contrast Rendition, Resolving 

Power*, and Transmission. Since this is the 

case, It is not the business of this experi- 

ment to study them. 

The other three, however, Magnification, 

Field Size, and Exit Pupil, are in many 

respects incompatible, i.e., it is Impossible 

to have an Instrument with the most favorable 

values of each. Thus, although a 30x21f0xl0° 

might sound like a good Instrument, It Is a 

manifest impossibility, since the product of 

magnification and field size, which is the ap- 

parent field, is greater than the visual field 

of the eye, which is approximately 100 .  In 

practice, the apparent field seldom exceeds 

75°, although it Is understood that some in- 

struments have been built with apparent fields 

* It should be noted that distinct losses 
in resolving power are usual In the peri- 
phery of the field of a wide-field instru- 
ment. 

as great as 90 . But even if the instrument 

is reduced to 30x240x2°, it is still huge, ex- 

pensive and heavy. It is necessary to estab- 

lish which must be cut, to make the most effi- 

cient instrument: magnification or exit pupil. 

Vhat 13 the optimum value of magnification? 

How much can be sacrificed in exit pupil to 

gain this magnification? Is It advisable to 

increase exit pupil beyond the average pupil 

diameter? Will gain or loss result from re- 

placing a 7x50x7° by a 10x50x7°? These are 

the practical questions which must be consid- 

ered by those engaged in the writing of spec- 

ifications and In the procurement of both 

binocular and monocular telescopes. Their 

answers must satisfy the other requirements 

of size, weight, and cost. Decisions must be 

made, too often on the basis of scanty or 

indecisive laboratory data, or worse, on the 

basis of hunch or personal preference. 

BASIC EXPERIMENTAL DESIGN 

In order to test specific instruments 

and provide a field evaluation of the fac- 

tors in design, a series of experiments was 

performed In which the selected instruments 

were compared with the standard hand-held 

7x50x7° binocular for efficiency in spot- 

ting and Identifying a series of targets 

of varying characteristics.  Observers 

placed on the bridge and gun decks of a 

DE spotted and identified these targets as 

the DE made an approach run towards them, 

The range at which thl3 became possible 

with each Instrument was recorded. From 

these ranges the final results are derived 

and conclusions drawn with respect to the 

RESTRICTED 

instruments. 

The primary difficulty in this experi- 

ment is the great variability encountered 

in the data because the control of the 

relevant variables cannot be directly 

achieved.  The design of the experiment must 

therefore be such that these sources of 

variability can be taken into account, and 

their effect on the variables being measured 

eliminated insofar as possible. 

The problem Is not only one of taking 

into account this variability; but also of 

providing for the comparison of all the 

instruments under investigation with one 

another, so that their relative merits may 
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be assayed. 

Analysis of the variables which enter 

into the performance of an optical instru- 

ment tested in an experiment such as this 

shovs that, vith two exceptions (to be noted 

later), they fall into three categories: 

(a) those associated with the Instrument, 

e.g. its power, light transmission, 

exit pupil, weight, contrast rendition, 

etc. 

(b) those asscoisted with the conditions of 

its use, I.e. with the approach run 

(such as sky brightness, visibility, 

sea condition, course, target). 

(c) those associated with the observer, e.g. 

retinal adaptation, visual acuity, 

pupil diameter, skill, recorder, etc' 

The first step is to reduce the differ- 

ences among men, and among runs. If the men 

are brought to roughly equivalent perform- 

ance by means of a careful training program, 

and If all are well motivated and in good 

physical condition, they will be less vari- 

able and consequently will give more 

homogeneous data. An attempt was made to 

reduce variability by control of these fac- 

tors. Similarly, certain standard condi- 

tions and procedures for execution of runs 

were set, so that the variation produced 

by differences among the condition of use 

would be reduced. Two set approach courses 

were maintained and deviation from them 

avoided.  Operations were restricted to 

those nights when there was no moon. The 

observation vessel made all runs at standard 

NAVORD REPORT 77-l|g 
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speeds* (except when speed was a variable 

under investigation),  and the targets were 

maintained as constant as possible from 

run to run.    Standardized procedure    have 

been utilised wherqver possible.    Such 

reduction in variation is not,  however, 

sufficient.    It is necessary to plan so 

that this reduced variability,  too,  can 

be partialled out. 

On a single run,  the range at which a 

particular discrimination ** 13 made will 

depend on the efficiency of the binocular, 

on the identity and state of the individual 

using the binocular,  and on particular cir- 

cumstances of the run.     No information at 

all is yielded on the binocular by itself. 

If six men use six different binoculars on 

one run,  the run Itself is eliminated as a 

source of variability;  all binoculars have 

been tested under the same conditions.    But 

there is still no basis for the evaluation 

of the binocular alone,  only for the evalu- 

ation of the performance of observer and 

binocular together. 

If one observer uses a different glass 

on each of six runs,   the observer 13 elim- 

inated as a source of variability but the 

variability associated with the run3 con- 

fuses the comparison between glasses. 

The Latin Square provides a statistical 

design and procedure which permits isolation 

of the variabilities attributable to 

differences among binoculars,  men,  runs, 

im*rt !^n^rd^?eed3 el"Ployed in the exper- 
ticai Sf?>, ?Sclfled later- They ttre not lden' 
Speed" e technical naval "standard 

sI«htiLt^°oeh?llt thi3 reP°rt t0 mean the 

«SAVJA.4"8"' t0 a given 
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and the remaining variability inherent in 

the experimental technique.  Consequently, 

it disassociates the performance of a 

binocular from run conditions and observer 

differences. Applied to the present problem, 

where a maximum of six Instruments can be 

employed simultaneously from a given height 

of eye, the Latin Square required that the 

six instruments be compared with one another 

over six runs.  On each run one of the 

six observers must use a different instru- 

ment according to a predetermined randomized 

plan which ensures that no observer uses 

the same instrument twice.  Three instru- 

ments may similarly be compared over three 

runs, with three observers.- 

Such a Latin Square schedule of runs 

is presented in Table B-l, In which the six 

runs are numbered 1 through 6 and the six 

instruments lettered A, B, C, D, E and F. 

The manner In which the six observers, 

a, b, c, d, e and f, rotate at random in 

the six runs from instrument to instrument 

is indicated.  The first row and first col- 

umn of observers were distributed in an 

order determined by tables of random numbers; 

however the observers are allocated to the 

remaining cells by rotation, meeting the 

requirement that an observer appear only 

once in each column and each row.  Different 

randomized patterns were generated for the 

different comparisons of groups of six 

instruments. 

The Latin Square design insures that a 

valid comparison on each discrimination may 

be made among six instruments in six run3, 

or three instruments in three runs. The 

variability attributable to runs, observers 

RESTRICTED 
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TABLE B-l 

LATIN SQUARE PLAN FOR USE OF SEC INSTRUMENTS 

BY SIX OBSERVERS OVER SIX RUNS 

A B 
Instruments 

C        D 

Observers 

E F 

b e a c d f 

d f b e a c 

e a c d f b 

f b e a c d 

a c d f b e 

c d f b e a 

Runs 

1 

2 

3 

5 

6 

On Run 1, observer b uses instrument 

A. On'Run 2, he uses Instrument C, and so 

on. 

A similar 9-celled schedule may be 

made up for the comparison of three in- 

struments with one another. 

and experimental error may be evaluated 

separately from that attributable to the 

Instruments tested.  Consequently, in any 

set of six runs, as many sample performances 

may be obtained as there are discriminations 

which all six observers are able to make, so 

that the data become more reliable.  The 

results of two or more sets of six runs, 

utilizing the same instruments may be 

combined, thus attaining a yet higher re- 

liability. The provision must always be 

made that the basic Latin Square design be 

followed - that six observers, using six 

instruments, act together over six runs, 

according to the prearranged schedule. 

«Set refers to a six-run comparison of six 
instruments, or a three-run comparison of 
these. 
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The Standard Instrument: Even vlth the 

Latin Square design, one cannot place all 

instruments on a comparable basis without 

one basic instrument common to all sets. 

Such a reference point provides a means 

vhereby the relative performance of 

binoculars may be evaluated in a standard 

fashion. The Instrument selected as a 

standard vas the 7x50x7° binocular, hand- 

held, since it is the most familiar instru- 

ment, and since more is known abouts its 

performance both in the laboratory and in 

the field than any other. The 7x50x7° HH 

binocular, then, vas included in every set. 

The Remaining Sources of Variability: All 

but tvo sources of variability vithin such 

an experiment fall into one or another of 

the three categories noted. The first of 

these is the Position of an instrument on 

the trüge.; this is a nors-instrumental 

source of variability which remains con- 

founded with the binocular differences. 

Special analyses have been made of this 

factor, and are reported elsewhere.  It does 

not constitute a major problem. 

The second source of variability 13 

more serious. This is the interaction of 

the instrument with the observer or with 

the condition of the run.  Interaction ex- 

ists where the performance of one instru- 

ment relative to another differs consist- 

ently from one observer to another.  Inter- 

action also exists where one binocular 

excels another in good weather, but is In- 

ferior in hazy or windy weather.  It is 

necessary to perform separate experiments 

if these possibilities are to be explored. 

Such an experiment on Interaction was per- 

formed, and the results are reported else- 

where in this report. 

TEST PROCEDURE 

Cjsistimg Ares: 

All crersricns vere carried cut in 

ö&rdimfr's 3sy, im the vaters of the eastern 

ar?s v?re Bade im ."ua ami July l?-?, the 

•s: cegrs-es if la^d-sia h;rirc=. free frcm 

l-thts. ar£ tm; SäE; extsmt cf sky-sea 

»V*   -.i.,  

more and more lights appeared, and the 

question was raised of the extent to which 

such lights might Invalidate the data 

obtained at night. As a consequence, one 

course vas changed, and a conference was 

immediately held Including both staff 

members and a group of eight of the visit- 

ing observers with scientific backgrcur.ie 

It ^.as the conclusion of the meeting that 

these lights could in no vay invalidate 

thi findings, but that it would be desirsble 

to analyse the data vlth respect to vlsitil- 

"??, so that if any effect of the lights 

:«urred. it could be detected. This analy- 

sis vas made, and is presented elsewhere In 

?zsT":;:Et 

this report. 

Visibility and Sea Conditions:  This area 

was also considered suitable In that repre- 

sentative visibility and sea conditions 

might be encountered, and that weather 

would permit a sufficient number of obser- 

vations to be made.  This expectation was 

not met with respect to sea conditions; on 

only one, or at the most, two operating days 

was there any appreciable swell producing 

roll and pitch in the observation vessel. 

Visibility conditions encountered were in- 

deed representative. Operations were per- 

formed on several nights of unlimited 

visibility, when lights at extreme ranges 

were visible, and on nights when operations 

were necessarily terminated, since the 

principal target vas barely visible at 2000 

yard3, and no others could be detected. 

During the night operating period, on few 

nights only were operations suspended 

because of the weather. Visibility did not 

vary so extensively during the day opera- 

tions. Since these were considered of second- 

ary Importance to the night work, they were 

put off until late November and early Decem- 

ber, when no days of exceptional visibility 

were encountered, and when, on several morn- 

ings, considerable atmospheric refraction was 

evident, thus making Impossible the detection 

or identification of targets at extreme 

ranges. 

The course:  All operations centered about a 

ruin, at 1)1° 08' N and 72° 09' W, which served 

as primary target, and upon which secondary 

targets were placed. Observations were made 

as the observation vessel, a destroyer-escort 

approached this object on predetermined 
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courses. 

Night Courses:  Figure 5 presents the oper- 

ating area,with the night courses. 

Three courses were followed for night 

observations. The first of these approached 

the ruin directly from approximately 7000 

yards, holding a course of 210 T.* Character- 

istically, while the range was closing, the 

course presented the fort and targets against 

a distant land background, which was not 

visible to the observers until the range to 

the fort had closed considerably.  In any 

event, the targets appeared in slightly 

lower contrast on this course than on the 

other. The course also had the disadvantage 

that within a few degrees of the port bow 

there was a flashing buoy, 600 yards north 

of the fort, which distracted the observers 

during the September runs, and consequently 

may have interfered with the first two dis- 

criminations required of the observers. 

During the October, November and December 

observations, measures were taken which 

effectively minimized this problem. When 

the range had closed to some 1000-2000 

yards, the observation vessel turned, and 

approximated a course 270 T, which headed 

it toward a target vessel stationed several 

thousand yards beyond the turning point, 

which it approached to some 1000 yards. 

This course was utilized throughout the 

observations. 

The second course approached the fort 

from the west southwest on a course 055 T. 

The fort and targets appeared against a 

clear 3ky-sea horizon. When the range had 
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* Course 210 T came close to constellation 
rock buoy and is referred to as constella- 
tion on data sheet3. 
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ment of the 0 I« Ideally, each run (or.? 00a. 

clete course) vould begin at a point froa 

vhlch the fort was Invislhie to all observ- 

ers, irrespective of the binoculars 

enjloj-ed. The distance fron the fort varied 

betveen 9000 and 4ooO yards, vith the visibil- 

ity. Eovever, in nany cases, CD's «-••'-:t-jy 

ered the shit so that she vas ready tc start 

s ran at less thar. this extrer-i racj*. j^ 

crder to avoid losing the 3 2-2; —'• •=•- 

abOwt and into her trct»er tcsiticn ~*•- 

ine closes; 

s." "~Cif. ar;i nüs ;* t±s ;; 5 rr^l^ Et- 

.^•.•i,-^. 5.- ;1,-JJ i~ j>r;r T*.y .-•' • —r ;- _^_ 

:-.  "•;  vatfr c- ;^- ; -*-m- — -J.- :;;K: s;_ 

at which the target vessels were approached. 

Day Courses: 

Figure 6 shows the day course, which 

began at a point just south of East Point, 

Fisher's Island, and ran 239 T, holding the 

fort just to the port of the bow. When the 

range had closed to approximately 8000 yards, 

the DE turned and proceeded down the course 

210 T, the same as that followed at night. 

This course was planned to begin at 25,000 

yard3, so that the fort and its targets 

would be beyond the horizon. However, 

atmospheric refraction was such'that it was 

seldom necessary to go 'to this range. Speed 

was maintained at 12 knots, which shortened 

the time required for a run, without pro- 

ducing vibration "noticeably greater than 

that encountered at 9 knots. 

The Fort and Other Targets: 

Fort Tyler:  The principal target in the 

experiment was Fort Tyler, an abandoned 

fortification, several thousand yards off 

the northern end of Gardiner's Point. A 

concrete structure, it presents a target 

23^ feet long and 20 feet high from course 

210 T and 220 feet long from 065 T. The 

thick walls provided a large platform on 

which other targets were erected, and the 

inner court provided shelter for the target 

crew.  Figure 1 and Figure 7 show the 

fort as it appeared when the DE approached. 

The fort Is referred to as Target One. 

Supplementary Targets - Might Observations: 

Selection:  The other targets were selected 

on the basis of the trial runs performed In 

July and August preceding the experiment. 

Targets of these sizes were found to come 
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into visibility successively from a range 

of some 4500 yards to 1000 yards. During 

the night experiments, owing to the inability 

of the observation vessel to come sufficiently 

close, many of the smaller targets were never 

sighted except on night3 of exceptional 

visibility, and even then, they often were 

not observed through the less efficient in- 

struments. The targets were chosen so that 

some were of high contrast and some of low, 

and so that both positive and negative con- 

trast could be observed. 

Target Two:  The second target, used in 

the September runs, wa3 the beach, the islet 

on which Fort Tyler is constructed.  This 

target was dropped when analysis of the data 

showed that it differed in no significant 

manner from the fort as a target, and merely 

repeated observations on It. 

Target Three:  This target was a radar re- 

flecting screen, erected on top of the fort 

by Harbor Defense, Long Island Sound, U. S. 

Army, for the purpose of providing a cali- 

brating range. It is made of a timber 

framework, constructed of 2' x 4's and it is 

covered with heavy Cyclone wire-fence fabric, 

painted orange. The target presented to an 

observer is sixteen feet in height and six- 

teen feet broad on course 210, and thirteen 

feet broad on course 065, presenting an area 

of 257 and 210 square feet, respectively. 

Except for the fort, this is the only target 

which varied in apparent size from course to 

course. 

Target Four:  This target consisted of a 

pipe framework on which a strip of black- 

painted canvas was rigged to form a cylinder 

eight feet in diameter and eight feet in 
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height. The framework was twelve feet high, 

so that the base of the cylinder stood four 

feet above the top of the fort and cleared 

the parapets which might otherwise obscure 

part of it. The device of employing a 

cylindrical target ensured that the image 

of the target was always a square, irrespec- 

tive of the bearing from which it was 

approached. Target four stood at the 

western end of the fort, and appeared to 

the right of the radar screen on course 

210, and to its left on 065. 

Target Five:  was a duplicate of Target 

.Four, placed at the opposite end of the fort. 

Target Six:  was similar in construction 

to Targets Four and Five, but the diameter 

and the height of the canvas cylinder was 

six feet, and the over-all height of the 

framework twelve feet. It was placed be- 

tween the radar screen and Target Five. 

Target Seven:  was an eight by eight foot 

frame over which was stretched canvas painted 

white. Two were used, one on each side of 

• the fort. " It rested against the weathered 

concrete of the wall of the fort and was 

placed normal to the course on the destroyer 

escort approaches. 

Target Sight:  This target appears on the 

data sheet but it was not used, since it was 

iapossible to keep it intact. 

Target Nine:  was a drum target, like Tar- 

gets Four, Five and Six. Its height and 

diameter were four feet, and Its tall frame- 

work, set on the south-east parapet of the 

fort, raised it sufficiently high so that it 

cleared the other targets and was not ob- 

scured on either course. 

Target Ten:  was a wooden "flagpole", two 
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feet wide and fifteen feet in height, with an 

eight foot extension six inches in width. 

Supplementary Targets - Day Observations: 

For the day observations, additional 

targets were set up. Each of these con- 

sisted of acuity targets of the proportions 

7x7. Four strips of wood or of canvas backed 

by wood of the proportion 7 : 1 were mounted 

parallel to each other. The background 

appeared between the stripes.  These targets 

could be turned so that the stripes were 

either horizontal or vertical. 

(A) (Placed between 5 and 6 of the night 

series on the data sheet.) Over-all dimen- 

sions of this target were 7' x 7'.  It was 

painted black, and placed on top of the fort. 

(B) (Placed following 8 of the night series 

on the data sheet.) This target was the 

same as A except that all its dimensions 

were exactly half of those of A. 

(C) (Follows B on the data sheet.) The over- 

all dimensions of this white-painted target 

were 7' x T.    It hung against the concrete 

wall of the fort. 

(D) (Follows C on data 3heet.) The dimen- 

sions of this were half those of C above. 

Otherwise, it corresponds exactly with C. 

(E) (Follows Target 10 of the night series.) 

Over-all dimensions half of that of B above. 

Otherwise the same. 

(F) (Follows E on data sheet.)  Dimensions 

are half of those of D above; otherwise 

the same. 

Accurate dimensions and other data on 

the targets are given in Table B-2. 

General notes on the Targets: 

Target Variations:  It must be stated that 
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on all the runs, all targets were not always 

in position. It proved much more difficult 

than anticipated to keep them In operating 

condition. All the artificial targets ex- 

cept the radar screen and "flagpole" were 

TABLE B-2 

damaged at least once during the observa- 

tions, and many had to be replaced and 

rebuilt several times. Since the fort was 

inaccessible except by landing craft, it was 

occasionally impossible to make the full 

DIMENSIONS AND CONTRAST OF TARGETS 

Target 

Length 
or Width, 

Feet 
Height, 
Feet 

Length, 
Yards 

Height, 
Yards 

Area Pre- 
sented to 
Course 
210 T 

(Sq.Yds.) 

Area Pre- 
sented to 
Course 
065 T 
(Sq.Yds.) 

Con- 
trast 

1.  Fort (Basic) 210 T 234.25 18.3-19.1 78.0 6.2-6.3 

065 T 

Sloping Top 

222.00 18.3-19.1 

1.5- 2.3 

74.0 6.2-6.3 
O.50- 

0.75 

Parapets 210 T 15.2-19.1 4.6-5.0 5.1-6.3 1.5-1-7 

Ö65 T 26.7 4.6-5.0 6.9 1.5-1.7 

Total 552.1 487.6 0.75 

2. Beach around Fort NOT  USED 

3. Radar Screen (210 T) 16.00 16.00 5.33 5.33 28.39 •0.41* 

(065 T) 13.00 16.00 4.33 5.33 23.10 0.41* 

4. 8'x8' Black Drum 8.00 7.62 2.66 , 2.54 6.76 6.76 0.95 

5.  8'x8' Black Drum 8.00 7.62 2.66 2.54 6.76 6.76 0.95 

6. 6'x6<  Black Drum 6.09 7.24 2.03 2.41 4.89 4.89 0.95 

7.  8'x8' White Flat 8.00 7.62 2.66 2.54 6.76 6.76 2.60 

8. NOT  USED 

9. 4'x4' Drum 4.00 4.00 1.33 1.33 1.77 1.77 0.95 

10. Flagpole Base 

Flagpole Top 

14.48 

8.00 

1.90 

0.57 

4.82 

2.66 

0.63 

0.19 
30.81 30.81 0.75* 

Supplementary Day Targets 

A.  7'x7' Black Striped 6.86 O.76** 2.28 0.25 2.31 - 0.95 

B.  42"x42" Black Striped 3.50 0.50 1.17 0.17 O.78 - 0.95 

C. 7'x7' White Striped 7.24 1.15 2.41 0.38 3.69 - 2.60 

D.  42"x42" White Striped 3.50 0.50 1.17 0.17 O.78 - 2.60 

E.  21"x21" Black Striped 1.75 0.25 0.58 0.08 0.19 - 0.95 

F.  21"x2I" White Striped 1.75 0.25 0.58 0.08 0.19 2.60 

* Approximate Value, contrast actually lower. See text. 
** Refers to strip width. 
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repairs In time for the next run. As a 

consequence, Target Five was often not in 

place, since it had to serve temporarily in 

lieu of a destroyed and unrebuilt.Target 

Four. Targets Six, Seven and Nine were also 

occasionally absent. The absence of these 

targets, however, was not critical, since 

they were not frequently sighted. 

In late November, all the drum targets 

were destroyed by an extremely severe wind- 

storm. Since there was not time to manufac- 

ture more frames, rigged square targets 

presenting comparable areas to the observers 

•were substituted for the remainder of the 

experiment. Targets Four and Five varied on 

some nights in another respect: stiff 

breezes made it impossible to hold the can- 

vas in place at the top of the frame, so 

that the" 8' x 8' drums began on the top 

of the fort itself. This had the unfortunate 

result that part of the targets were obscured 

behind the protruding parapets. 

On the basis of experience in the pres- 

ent experiment, the necessity of building 

targets as sturdy as possible is strongly 

urged; they should be able to withstand 

vinds of high velocity, and must be designed 

•with this in mind. No matter how carefully 

they are constructed, duplicates should be 

immediately available. 

Search Targets:  During the night observa- 

tions, tvo naval vessels also served as 

targets. These were a fleet-ty^e camcu- 

*• -•^t^ **   euuaai 4WC     KiwLl*    ±aj    UU W t.     i. V    HI    a 

position 6000 yards due south of Little Bull 

Island, with a heading of 000 or lfo. This, 

vessel was a "search" target, on course 06s 

when it appeared against a clear sky-sea 
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horizon. The other "search" target wa3 a 

submarine chaser (SC) which lay hove to at 

a position 4500 yards bearing l60° true 

from Oyster Pond Reef Light.  It served as 

a target vessel on course 210 T. The use 

of these targets was not successful during 

the September series, largely because the 

submarines employed were R-type vessels, 

small and relatively difficult to handle. 

For this reason, and so that data could be 

obtained comparable to those collected by 

the Camouflage Section of BuShips for cross- 

checking, fleet-type submarines were 

substituted for the older ships.* 

The Observation Vessel: Posting of Observers 

The observation vessel was the U. S. S. 

ROBERT E. PEARY, DE 132, under the command of 

Donald R. McKinley, Jr., Lt. Comdr. USHR, 

until 28 November when he was relieved by 

M. M. Gantar, Lt. Comdr. USN. 

Night observations were made from the 

signal bridge and the number two gun deck and 

by day the lower deck was also utilized. 

See Fig. 9. 

In order tp accommodate the observers 

and mounts, the two 2k-inch searchlights 

were removed from their platforms on the 

port and starboard 3ide of the signal 

bridge, and two 20 mm. mounts were removed 

forward. In accordance with BuShlp3 sjedifi- 

cations the E & R Department, U. S. Naval 

Submarine Base, New London, Conn, placed, 

or. the twc searchlight platforms, and at 

icslticr.s evenly spaced across the forward 

area of the signal bridge, six Mark 51 

Director mounts. On the windscreen for- 

* Comlnch restr. ltr. FF1/S71-8 Serial 
710,; dated 7 September 19^5. 
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Figure B-l.  General view of Destroyer-Escort, showing location of mounts and observers. 
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I)    «*rd of these mounts, base3 were provided 

for a vibration-free alidade (Eastman Kodak) 

and for a BuShlps Mk 5 Alidade. A aeries 

of adapters vas constructed for the director 

mounts, so that the various instruments 

employed In the experiment could be properly 

mounted on them. 

Provision vas also made on the number 

tvo gundeck for the placement of the vibra- 

tion-free alidade on the port, and a Mark 5 

Alidade on the starboard side. 

Figure B-l is a shot of the DS with the 

mcur.ts in place, shoving their disposition 

ar.d the eoscrvation posts. Figures 15 and 

16 of the report are close-ups of a Mk 51 

Director Mount and a Vibration-Free Alidade, 

each fitted vith a 'binocular, and shov the 

node of -use and placement of these mounts. 

Daring Right observations, running 

lights vere fumed off, the navigation 

bridge blacked out, the flying bridge 

darkened, and the ship forward of frame 45 

darkened, with spaces vhere vork had to 

vroceed rigged for red, so that a minimum 

of light could distract cr interfere vith 

the aark adaptation of the observers. 

Slight interference from the red-illuminated 

C7C, vhere certain unavoidable b*t dim 

sources of vhite light remained, vas felt 

by the observer or. the starboard searchlight 

ico^nt. This interference, s^oh as it vas. 

vas not so oner, from the scares of light, 

as it vas from the unavoidable traffic 

b^fwe-M. MK &igual bridge anc CIC or the 

r lying triage . 

Stauor._ng of the Men,  During tta r^ght 

rurs  t obssr-frE were stttiorea or. the Sig- 

na, br.oge ant three * or thf number tw: 
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gundeck. For the day runs, an additional 

three men were placed on the lover deck, 

forward of the Number One gun. 

Signal Bridge:  On the signal bridge an 

observer occupied each of the searchlight 

platforms. The remaining four were placed, 

when using hand-held binoculars, along the 

forvard rail, at intervals of 5j feet. 

During the trials of mounted instruments, 

observers vere posted at the four director 

mounts vhich vere aligned at evenly spaced 

Intervals across the bridge, and at the tvo 

on the searchlight platforms. Positions vere 

numbered from 1 through 6, going fron tort 

to starboard. The height of eye vas 32' 

and put the observers approximately level 

vith the targets on the top of the fort. 

The signal bridge did not provide good 

shelter from vind. 

Gun Deck:  Three men vere stationed on the 

number tvo gundeck, one veil to the port, 

one forvard as near amidships as the b:v 

vould permit, and one on the Starbcard side. 

These positions are referred tc as 7. 5 and 

9, respectively. The height of eye vas Zf 

and put the observers on a level vith the t:p 

of the fort. Wind presented less of a ;.r:i- 

lem or. this level than on the signal tridgr. 

Lover Deck: The lever deck vas used only 

curing the day runs, and the three observers 

stationed here occupied icsiticns corr€Si:r.d- 

ing tc these on the- number tvo gundeck, tr.s 

zuabere-J -C, 11 and U,  respectively.  7n-: 

height of eye vas ;c  It should be n:ts- 

that this .osltior. vas net satisfactcry t:z 

ooscrvatlcns. it received not only vind 

cr? vere stationed cr. the g—— 
if'f*. u..«v th, Se, rente series. 

u 

but also spray, since the DE headed almost 

directly into the wind during the day runs. 

As a consequence, the men were forced to 

seek shelter, and could not maintain the 

targets under continuous observation, a3 

was desirable. 

Observers: 

The original plan of the experiment 

envisaged the use of a relatively large 

number of civilian and military observers 

of technical qualifications, and of a 

smaller number of highly trained enlisted 

men. Neither expectation vas completely 

fulfilled. 

(A) Enlisted Men:  A total of 6k  men 

served as observers throughout the experi- 

ment.  Of these, 15 men, all experienced 

quartermasters or signalmen from the Surface 

Fleet, reported for duty before V-J Day. 

These men underwent an extensive training 

program vhich included a full course of 

lookout training (if they had not had it 

previously), special training on the night 

lookout stage, and training under low levels 

of illumination on a scale model of the 

fort and its targets, using binoculars. 

They received thorough Instruction on 

binoculars, on night vision, and on the 

purpose of the experiment, so that they 

were thoroughly familiar vith their duties. 

As a final step in training, they all 

served in the later preliminary observa- 

tions, so that they were thoroughly indoc- 

trinated in every phase of the procedure. 

Finally, all received a series of tests, 

which it was hoped might correlate with 

their skill as observers. These tests 

Included the RPA Adaptometer, the Royal 
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Canadian Navy Adaptometer, and the Orthor- 

ater.  Interpuplllary distance vas measured 

with the NDRC interpupilometer, and the 

observers ujed this value at all times in 

adjusting the binoculars. Record vas also 

made of their GCT scores, their age and 

experience as lookouts. 

With the announcement of demobilization 

plans after V-J Day, it was possible to muster 

one 6-man section (Section A) from the fif- 

teen. This group served through the experi- 

ment, and its performance was characterized 

by low variability. 

The remaining 49 observers vere sub- 

marine men vho vere due to be discharged in 

a period of 2-3 months, and who vere 

accordingly assigned to the experiment after 

leaving the ships on vhich they had been 

stationed. The majority of those had had 

lookout training, and had also stood lookout 

duty aboard ship. It was possible to give 

those reporting in earlier in the experi- 

mental period special training similar to 

that accorded the earliest group. The later 

arrivals, however, had what vas considered 

the barest minimum of such training; it was 

occasionally necessary to employ a man as 

observer within two or three days after he 

had reported and, consequently, his training 

was almost exclusively limited to watching 

the collection of data for one night, and 

making dummy runs on another.  It was 

possible, however, to give almost all men 

the complete battery of tests. 

Motivation of Enlisted Men: After V-J Day, 

serious difficulties of motivation arose. 

The men, all short timers, had no particular 

interest in doing a good job, and, in many 
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oases, no Interest in the problem. It was 

therefore necessary to handle observers 

very carefully, to ensure that the results 

would not be invalidated by carelessness, 

casualness, or lack of cooperation in any 

form. This problem was met, and apparently 

solved, by openly asking for their coopera- 

tion, when the experiment and its nature 

was explained to them; by ensuring that 

their conditions of living were the best 

possible with respect to rest, chow aboard 

ship, foul vesther gear, etc., and finally 

by assisting then in every possible way to 

achieve such personal ends as rapid dis- 

charge . 

Despite these efforts, one or two men 

failed to cooperate. As soon as this was 

evident, they were relieved of duties as 

observers, and were assigned to the bridge 

crew, transferred, or detailed as compart- 

ment cleaners. The result of this program 

and policy was that the experiment ran into 

remarkably little difficulty owing to poor 

cooperation from the observers. 

Officer-Observers: The experimental plan 

Included the use of a number of line officers 

with sea experience as observers. One six- 

man section of officers, all qualified in 

submarines, and including two Commanding 

Officers and a prospective Commanding 

Officer, were scheduled. On one night they 

made two runs. On the next, operations 

were cancelled owing to weather. No 

effort was made to re-schedule them, so that 

they could complete a set of six runs, since 

the experience of the night during which 

they did observe indicated that unsatisfac- 

tory data would be obtained from them.  It 
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was not possible for them to readjust from 

the responsibilities of their daily work to 

rather special demands placed upon observers 

who must follow .a relatively simple, but 

unalterable routine. 

It is possible that a group of junior 

line officers, with sea experience, and with 

no collateral duties might have yielded sat- 

isfactory data. 

Technically Qualified Officer and Civilian 

Observers:  Both the experimental plan and 

the hazards of the weather made it impossible 

to utilize a large number of technically- 

skilled observers, who had duties elsewhere. 

In order to observe in the experiment for 

two operational nights, it might be neces- 

sary to spend as much as a week at New 

London, owing to the possibility of cancelled 

operations. The result was that a total of 

only 7 civilians, from various university 

laboratories performing research on night 

vision or binoculars, and 5 technically 

trained Naval staff officers, could be in- 

cluded as observers. These men offered the 

fullest of cooperation, and yielded data 

of considerable interest, which are reported 

herein. They received an Intermediate 

amount of training, and te3t scores were 

obtained on them as well. In general, 

however, they showed clear evidence of the 

lack of practical experience in handling 

binoculars, 'and in making observations at 

night. With few exceptions, all the 

enlisted personnel had such practical 

experience. 

No technical personnel was used during 

the day observations. Observer personnel 

Is listed in Appendix D. 
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SCHEDULING AND ORGANIZATIONAL PROCEDURES 

General Problem:  The Latin Square design 

requires that six observers make together a 

set of six runs using six different instru- 

ments, or three a set of three runs using 

three instruments. Upon thl3 requirement 

the scheduling of all operations depended. 

In laying out the schedule for operations 

over several days, the first consideration 

is the maintenance of the Integrity of the 

Latin Square design. It was never possible 

for a six-run set to be completed on any one 

night, although this was frequently done for 

three-run 3ets.  Consequently, after the 

first runs of a set were made, the highest 

priority in operations for ensuing nights 

wa3 allocated to the completion of the sets 

only partly run. 

Observer Sections:  Since the statistical 

design of the experiment required that six 

observers make a 3et of six runs together 

on the signal bridge, and that three men 

make sets of three runs together on the 

number two gun deck, the observing crew was 

organized Into six-man and three-man sec- 

tions.  In order to eliminate fatigue from 

lengthy observations, the policy was estab- 

lished of scheduling these sections to ob- 

serve on alternating runs. As a consequence, 

two 6-man sections ana 2 3-man sections would 

be scheduled for any one night. Each man in 

each section was scheduled to work with a 

man from the opposite section, to form an 

observer-recorder team which remained intact 

at least until both sections had completed 
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their total of 12 runs, and until both 3-man 

sections had completed the same number of 

runs.  The policy of alternating runs ensured 

not only that fatigue from observation would 

not become too great, but it also served to 

ensure that, with unavoidable exceptions, a 

six-run set would be composed of runs on the 

same course, 065 T or 210 T, and on the same 

target vessel.* 

A second form of alternation was also 

followed: During the night observations, 

the men obtained all their rest during the 

daylight hours. The preliminary experiments 

showed that this could not be continued day 

after day; the men showed slgn3 of exhaus- 

tion.  Since every available night without 

a moon had to be used for observations, it 

was clear that a second alternation was 

necessary: four sections to go out, and four 

to stay ashore on each night of observations. 

For this form of alternation, it was found 

most satisfactory for one set of sections 

to go out on two successive nights, and to 

stay ashore for the next two successive 

nights. This procedure succeeded in provid- 

ing the experiment with an alert group of 

observers at all times. 

Another limitation placed upon schedul- 

ing also arose from fatigue. It was never 

* During the day observations, when at least 
1(0 minutes elapsed between runs, it was not 
necessary to alternate, and the same observers 
made all of a day's runs. The recorders on 
these had no other duties. This was a 
fortunate circumstance since at the time the 
day runs were made there were not sufficient 
experienced observers to maintain alterna- 
tion. 
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ivastlile lo schedule routinely a section for 

jwtv than four fans as observers for any one 

r.i£M .  r,~. *x«monsl instances, five might 

5* wWte .    Six WT* impossible; the observers 

v*r< <>r>fiM*  to P»ootio.ri efficiently beyond 

flxv Tvris, -feffi or. five they could observe 

0*«1$   »Vi*Si<»»*«.ij . 

Xvnr^f 7 o-i" Runs w r "Night:      In order to ninl- 

»•<?•? w-\rt- ".-.I.;    AW.  to t-r^r? that all our 

vts;s V;T#  ;--sir*r luv*? •  >io»ö?«!«<:\;s eondl- 

tio->* W' * nj  -iw »s« •>•"•!' r.'v?>.t vision, 

ws v?"v *vTwi>.~.*v. ^-.r,v   ivr tbo-ss periods 

c» *sc^- - <ov    vivr   ,>K^  <*$ -jvj loccs, and 

<>? *3cf *.—^-'-*s* x«? -$.1*;.. "S-ly constant 

<*.>t-r-CX- B*rt '<   k- •> lij "w .    Sc that no 

«rrcr« W:.Vt 3s ss*r    twrs vsrs scheduled 

o-.V   TOT -W  o*7.e>£ SSIWM.7.   1' fifw-sn 

B.-^TV, i-sfji aft-fr  Mw  tSfmiTiStiOc c* aitriscm- 

-.0*1 <\ilv?>.<. or or?? half-ho-? aftsr moen- 

S£i. v>,ic>sre? vas lat*r, asi (C    en? half- 

>.ow 'befc'r« *cv--.r\sf or fifths- E-.sv.tss 

IN? few mow.inj; asJTC.r.orcvoal rsil-.£>.i. vhlch- 

fver vas earli*r.   A« a eor.$*c;..»es. tie 

r,wrr"c>?r of sights osr Jscr.th or. vhich runs 

ooold >? mad? vas s-harylr l-jr.it?£, -Kith 

a f»(li.'&l lijr.it c.f 1C.    tr. a-Sciticr.,  it 

was nc-o^ssary  to j.rct\£? tins  "cr t^.s 

obfcrvfr*  to iww *j «>ntf -.-.c-.r.? d-._~in? the 

night's o,v?s.t*o-s. 

VoslrMiper.i«:      TJ>? f.nt; ;-.7>oKfii ,-,» s;>,f3,.;- 

tn? var i'hsi  ,*.f \ r.s;-MI?? T ; j : tt>( ccrrec; 

'.!)Si•wrls >>s.\  ;c  Jv  &bc*-.»»,   an.-.  Xi)t  r-,-WT 

»o.»itf ,-.T f.vftwr.ff  ,-rv«t.    ~T £??<?««- 

!(.<  F.-,\--i   vpj IH>»   ;o  Jrps<- jsj s rr.iT..HTuit 

fhf niattt» of    n$i-jip;rff ,»<, ,v ir^.   -rf 

T''*j>bl «   i'i  «vow.  ihf   >•>£,-£ f f.-v ;.j  ,-,* oJianj.-it 

womrtr  ft,- n.e f  i.v»i   f  0jVT*t-,.ir,$. 
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ullng by observers, nights and instruments 

provide problems enough;  the hazards of 

weather or loss of a night's operations for 

other reasons made the problem so much the 

more complex.    It was never possible or ad- 

visable to lay out schedules more than a day 

in advance.    Suffice it to say that,  with 

the occasional requirement of completing 

several sets of runs within a short time, a 

night's schedule night,  and occasionally did, 

become very complex indeed,  wich,  perhaps, 

all four 6-nan, and all four 3-=an sectiens 

out simultaneously,  and vlrh several sMfts 

of instruments and mounts necessary. 

Occasionally,  too,  an observer vas ill :r 

missed the ship.    Under such circumstances, 

it 'became necessary tc  ccmrrcmise viih. ie- 

sets of runs include seme on cc.irse £i: 7 and 

some on Co5 T,  thus increasing nb.e variance. 

In four instances,  cne cbserver- anifted 

identifv during a set cf runs.*    T— scm:e in- 

stances,  tec,  several veeis eXapsed "r>efcri a 

sst ;f K.-a cculd t>e ccmpleted. 

ttiniEire the pcssitiliry cf errer ny giTin« 

to each observer a card en »tiri. vas ryr-ei 

ni? ovn sci.;--d„le fer tie niJit. viti. nir 

ir.strunjfT.ts.  ststicr. 'and reccrder fcr eac— cf 

ty>c r.ifht's r^ns clf-arly sTs-red.    AS .T:::- 

chfck, eich i-cerriserj- stair msmber nae i 

cOtt.'lcn-  s;rj;-c!„lf  cf thf  nicnT s  cosrat.Jri 

a-i st ee era cf ?acr. r-n,  thfre vas ;::t~: 

«r ?.'f  Ac.c «-OR;-lftf daü ;,-  tiu  cciEfrrat-:-: 

'    T>.i» -.* ..r*siraV.f aiar,  ^ adds tr 
v.*frr<-r wri&r.cf.    Sovcrer.  it aara =:: 
..-«a.'.d.Mc  ;,^f bar:.- tifffi-.aafs smrcjc 
. /•? *T».>7rf j-,tf. 

0f that run. 

The success of the whole procedure,  of 

the precautions taken,  and of the high degree 

of cooperation from the men i3 attested by 

the fact that on only one 6x6 set,  BB, and two 

3x3 3ets, W(s)i-2 and W(s)j-2,  was there 

failure of the prearranged schedule,  with the 

result that the data had to be discarded. 

General Procedure:      A day's routine in- 

cluded the following activities: 

(a) Preparation of the night's schedule and 

schedule cards. 

(b) Preparation for the night's runs:    check 

of instruments  to be used and their 

serial numbers;  check of equipment  (e.g. 

clipboards,  data sheets,  flashlights, 

etc.);  installation of adapter mounts on 

DE,  preparation of muster lists,  check 

with target handlers*  the targets avail- 

able; brief of target vessels as neces- 

sary, brief of supervisory and bridge 

crew. 

(c) Muster of observing section,  obtain 

focuses for instruments new to any ob- 

server;  report aboard U.S.3.  Peary,  de- 

part for operating area. 

(d) Break out gear for night;  distribute 

schedule cards;  brief CO on any apodal 

problems;  arrange chow;  meet I£M for 

transfer of personnel as nocooaary; 

* The crevs which handled tho  tar?"to v"r<> 
based at Port Terry,  HDLI3,   Plum Inland, 
H.Y.    All communications with  Uiln Kr"»J' ""» 
by phone,  cr by mean3 of tho LCM which 

*~A     <*_-_    *U _ 

"<•-     '.'?' 

ZiZI'SKi  C? THE ZZPHP.UeH? 

distribute fc-al weather gsar as neces- 

sary. 

(e) Supervise and check of all r-^ns made; 

fill in weather sheets; provide ch.ow. 

(f) Secure operations and gear; arrange data. 

(g) Return men to base; deliver data to sta- 

tistical department; enter into log ar.7 

action required of shore staff. 

The staff required to handle these pro- 

cedures was not inconaideraole in size. Be- 

sides the shore-based staff, duplicate staffs 

were needed for ZZ  operations, J-ust as 

duplication observation sections were re- 

quired. i-ne starr fo- >.-.-»! -, 

efficiently is outlined wiuh their duties: 

Shore Staff: 

Officers: 
(1) Oin-C (staff J general coordination 

and direction. 
(2) Asst. C-in-C (line) Executive of- 

ficer, detail of operations. 
(3) Head of Sta-is-;ics - schedule, 

direct statistical staff, and plan. 

Enlisted Men: 
(1)  Property 
(21 Yecman 
(3 Statistical assistants (z.) 
(\)  Two target crevs, of 3 men eacn 

Operational 5-^.ff (Implicated,: 
(1) Staff Officer, in charge ;f night 

operations. 
(2) Line officer assisting staff officer. 
(3) CPO - Assistant to officers; super- 

visory, ir. charge personnel. 
(i») Cjuartermaster - general a33i3üar.tv 

keep >.og, or.eijt data cr.eets, /ee.';.'.- 
er 3heet3. 

(5) Talker - radar ri;:ri  2.-.ee-, an- 
no .r.ceser.tc eni call of mark3 ~72? 
i.oud3pea,cer 3yj-em. 

(6) SignaJaen t    May oe proTiiet oy 
('()  Sadarmar. ,  oc3ervation /esse-. 

Jtaff irsonr.el  13 .i3tei in Aoper.iix Z. 
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BP 
OBSERVER    TAfy £T*+K&1 

RECORDER /HfeftS 

SECTION NO.  OF RUN 

DATA SHEET 

TIME:    START     2.15~0 

FINISH     2.2 / 7 

/yy    DATE r>ar y 

H 

3 <?^ 
*j±'f'f*~ 

BRIDGE POSITION 

BINOCULAR     7X So J£te*D£fic 

COURSE Catem/L^x/n*/ /it, g-y 

TARGET 

(1)   FORT 

(3)   RADAR 

(4) #1   (8'x8'   Bl) 

FIRST 
GLIMPSE 

J3_ 
ML. 
A3- 

(5) ii   (8'x8'   Bl) 

(6) #3   (6'x6'   Bl) 

(7)  8'x8'   flat whit 

(8)   16'xl6'  flat bl 

(9)  4'   X  4' 

(10)   ?LAG POLE 

100£ 
FREQUENCY 

Z&. 
^1L 
_££. 

POSITIVE 
IDENTIFICATION 

-4Z- 
AL 

S4 
^J2- 

/ 

TIME BEARING 

SJBMABIKS 

SÜ3.   CHASER • II 

S&. 
^5L 

/ 

ool &2L 

BEARING 

_£L 

JaL 
JcZ. 

TIME 

POP  l£, 

BEARING 

^^ 
äri£ 

REMARKS 

Figure B-2. Sample Data Sheet. The .ark numbers for each target and each dl3crlmlnatlon were 

noted on such sheets. 
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PROCEDURE:  THE COLLECTION 0? DATA 071 ZACH HTO 

Ten minutes prior to the beginning of 

each run approaching the fort,  a warning was 

delivered over the public address system 

of the observation vessel,  announcing the 

number of the run about to begin.    A five- 

minute warning was announced after the 

proper intervals.     These warnings enabled 

the observers and recorders to check their 

schedule cards to determine what their 

duties were on that run,   the Instrument each 

would use or record for, and its position on 

the bridge.     The ran were able to take their 

stations,  check ehe Identity of the instru- 

ment, adjust and clean their Instrument, 

and fill In the heading of the data sheets. 

It also provided an opportunity for super- 

visory pers:nz:el to check the positions taken 

against the schedule sheet. 

Basic Data Sheets:    These data sheets  (Fig. 

B-2) provided basic information in the head- 

ing (observer's name;  tine,  number, date and 

course cf run;  identification of the Instru- 

ment,  it3 p33ition, and the focus employed). 

Entry of the cbserv&tisns themselves re- 

quired the rsctrdlng of the nark iwmb'ir 

(number if fifteen sejtr.d intervals alito't 

tbs beginning if tne rvr. as announced <•->'<* n. 

lf-i speaker to the bridge from CIO) "•>• 

vhi;h tne ib3er7er was able to ann <?o«f< Ur 

get antrding to eacn of the »,hr*>n f"ll'>v!riK 

critsria ;f seeing: 

(A) First 0iimp3e   (0,12  vr^r, U.n uhnnfrir 

first was atle  to 311  Mm  tnryni  i»1*" 

tartly,   tüy to hA/<i it f«'l" '"'••• 

T-HSM O - 47 - S 

(B) ICC^ ?re-jaensy  (100): when he was able 

to see a target in tne otrreot position 

all the time,  without fading, and 

(C) Positive Identification  (Yl): when he 

was able Nearly to Identify the target, 

by its oharacteristi03 a3 ,cr.ovr,  vj his. 

The 'use of these "triterla of seeing" 

provided for the sollettion of data rooghly 

corresponding to the *fre^en.07 of seeing" 

curves of the laboratory, arjJ covered tne 

subject'3 perception of a target froa r.or.e 

whatsoever,  tnro-^gh the fir3t vague and 

evanescent view, and the stage of appeara-.ce 

as an amorphous "olio to perceptiir  s>iff:- 

ciently clear so that it »aa innistakaole 

in identity.    The data sheet» /ere filled 

in by the recorder,  who always served with 

the same ooserver tnrc.igho'it a set of six 

runs, and who liserved or. a^terr-ate r-ir.3, 

A red fiasr.*:ght /as eap-iyed 1- my~, rv-3. 

Range Determination:     As soor. as the loser- 

vation ve33ei was in posititr. to jegi- a r^n, 

this va3 announced over tae ic,:; s losmainloa- 

tion 37stem to CTC.    ?roc tAere.   wo:^ vaj 

relayed to the bridge    t.t?3ther ^itA the 

time,  date,   ^onr3e as^l -»eher tf the .nn 

iv*k*, to commence.    rhe oe^i.-x.i'g if ti;e 

run wai then aancmced,  i st-to-wst-iii /as 

started, »nd thereafoet",   jhai't. tn  -,he fif- 

teen v;oor.d aark,   tiie SSä lieber /as 

irir<0'iriC,ed  <ver the „and stesscer     At altet*- 

„Ato .wi/k .lumbers,   the ra-ge ind oeavijig if 

;.)•«« fort /ej"5  ietertii.ied 37 .-ads-.-    srd 

../•».nrid on a rar»ge sheet fj'ig.  3-Jy   'ooosite 
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the number of the interval. At mark zero, 

the DRT began to operate, and a tracing of 

the course, again vlth fifteen second inter- 

vals marked and numbered, made as a double 

check on the radar ranges, vhich were 

occasionally found to be in error. 

Observations of the fort and its tar- 

gets began with the announcement of the 

beginning of the run on the fort, and were 

continued Intensively until the DE had 

approached the fort to the closest range, 

and had turned to such an extent that the 

fort was no longer visible to the observer 

at the entrance port (on course 065 T) or 

starboard (on course 210 T) stations. When 

this occurred, "end of run on fort" was 

announced, and the observers were able to 

relax until the observation vessel was 

headed properly for the search problem to 

begin. When she was in position for search, 

"beginning of run on SC" (or S/M) was an- 

nounced, radar ranges to the target vessel 

were taken, and observations began in the 

sector in which the target vessel was located 

as announced by CIC. Method of entry of data 

on search corresponded exactly to that em- 

ployed on the other targets. 

When all observers had been able to 

positively identify the target vessel, or 

when her position obscured her to the ex- 

treme port or starboard observer, the end 

of run and the time were announced and 

recorded on the data sheets. The observers 

then filled in the comment sheet3 (Fig. B-H) 

on which they rated the instrument which 

they had just used. 

Data sheets were then collected and 

checked in CIC to assure that none was miss- 

12'( 
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ing, and that the headings were complete and 

accurate. On every third run and at every 

change of weather "weather 3heets" were 

filled In by a quartermaster, and sky and 

sea brightness, as measured by an O'Brien 

Low-Level Illuminometer, was recorded. 

A run-by-run log was kept, entering all 

pertinent data on each run, together with 

notes of any communication with the target 

vessel, the crew on the fort, or with the 

base. 

Each run required from 35 to 50 minutes, 

depending upon the range at which the visi- 

bility required that it start.  Typically, 

an interval of 15 minutes intervened betwen 

runs. 

Notes on the Collection of Observational iata: 

Some comment and explanation mu3t be 

made on certain phases of collection of the 

data, so that It may be more readily inter- 

preted. 

Prompting: Early experience with the tech- 

nique, during the preliminary runs, showed 

that subjects would often forget to report 

on some target to some criterion of seeing, 

with the result that many blank spaces ap- 

peared in the data sheets, even though it 

was evident that the observer had made the 

observation, but had failed to report It 

Since this happened even with experienced 

observers (but to a lesser extent than with 

those with less training), it wa3 considered 

essential that the recorder remind the ob- 

server of what targets he had reported, ar.d 

what tarpet3, due to become visible within 

a thousand yard3 or so, had not yet bed» 

mentioned. Considerable differences apl- 'ired 

among th>- recorders in the amount of auMat- 
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&A-&A1 
COMMENT SHEET 

4- 
3BKJECT _Ul J^ £Q1 BIKOCUIARS     7k) )C I ^0 J"sU<^- 

«ss    V0iL%12& 
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RUN KO. 

1 
Twim 

Excellent Good Fair Poor 
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I,, S«« ä" iKc'Knr K 
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1 \ Stsa£*ssss ,-^K^.iN)} * X 
! 
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CCsritx x* s-ire .-* fiele X 
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\-, 5s?« c? SAiKSäac barest V 

^-t 
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T't ÄsirnülSTT' -.-mstÄn^, ass fsearch) Y 
;^., ttaKirKÜ^SiT -s.-As.-3sa fr-eiora) i V 

* 3M ONS 

-UEHIOäL COKVEKTS: 

r.?.--f  ?-*      raoBfrr Site      *; 
• or ?&tf. ^* irs*r.T 

ance givenj some were extremely conscientious, 

and others remained almost mute, and required 

prompting in turn by the supervisory staff. 

Since, in a set of runs, observer and re- 

corder served as a team, the effect of 

dlfferenc.es in prompting methods is balanced 

out so that the performance of a binocular 

as measured by the observations is not Inval- 

idated by it.  Careful note of the behavior 

of observers and recorders made it clear 

that observers did not report targets merely 

because they were reminded of them; observers, 

when prompted, at first would reply "No" and 

if a target was reported immediately after 

prompting, usually said something such as 

"I just got it". 

Communication between Observers: With six 

observers on the signal bridge, and three on 

the gun deck, the question arises of the 

extent to which the report of one observer 

might influence that of another. Where one 

observer can hear another make a report he 

might make the same report at the same time, 

Irrespective of whether he had seen the tar- 

get or not.  Since the construction of shields 

between observers was not possible, other 

means of reducing this hazard were sought. 

Two-way sound-powered phone systems botween 

observers and recorders were rigged out, but 

proved to be unsatisfactory In that they were 

distracting, interfered with the use of some 

Instruments, and constituted a hazard on 

the darkened bridge. The methods of con- 

trolling this factor which proved satisfac- 

tory were (a) the motivation of the observers 

themselves, who were typically too busy with 

their own observing and reporting to pay 

attention to what was going on about them, 

HISTORY OF THE EXPERIMENT 

and (b) close" supervision, which kept the 

voices of both observers and recorders low 

so that it was not easy to overhear the 

conversation, and which maintained the re- 

corder in close proximity to the observer. 

Interference between subjects, then, re- 

mained a problem, but it was reduced to a 

minimum. 

In any event, observer Interference may 

be checked statistically, and information 

on this is presented elsewhete in thl3 re- 

port. 

Routinizatlon of Report:  The possibility 

has been mentioned that, by this technique, 

the observers might learn to report a given 

discrimination (i.e. sighting a given tar- 

get to a given criterion of seeing) on the 

basis of the mark number announced over the 

loudspeaker. This possibility may be dis- 

counted since the same mark number was 

associated with a wide variety of ranges 

(owing to the different positions from which 

a run might start) and, consequently, with 

a wide variety of targets, and since, with 

poor visibility, the ranges at which various 

discriminations were made shifted propor- 

tionately . 

It would require very careful thought 

and a few calculations to figure out the 

proportional shift3 to be made, if observa- 

tions were to be made on the basis of the 

mark number announced. 

Supervision:  Several supervisory personnel 

were necessary at the observation po3ts. 

Their manifold duties Included not merely 

verification of and correction of improper 

behavior of the observers and recorders (use 

of a loud voice in reporting, not paying 

RESTRICTED 127 
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attention to business, elimination of extran- 

eous conversation, proper maintenance of 

a binocular as hand-held, etc.), but also 

NAVORD REPORT 77-1(6 

check of position of binoculars, use of irr,. 

paper, and proper filling-in of data sheet 

headings. 

THE INSTRUMENTS TESTED AND SETS PERFORMED 

The original program calle.d for the 

testing of approximately 12 instruments. 

At the termination of the September experi- 

ments, however, it was evident that the 

data obtained were of such quality that more 

Instruments could be included in the experi- 

ment without limiting the value of the data 

on any of them. Accordingly, additional 

problems were added to the program, and new 

instruments were added, either on request 

of BuOrd, or on the basis of statistical 

requirements. 

The sets run were designated by two 

letters: the first, referring to the instru- 

ment compared, is capitalized for night 

observations and is lower case for day; 

and the second, referring to the section 

of men serving as observers, uses capital 

letters for 6-man night sections and for 

day sections, and in lower case letters 

for 3-man gun deck night sections. A sub- 

script numeral to the first letter indicates 

that that set differs in one instrument 

from others with the same letter designa- 

tion. A parenthetic subscript "S" denotes 

a set of runs as one made at high speed. 

The final numeral, which appears after some 

sets, indicates that the set was repeated 

one or more time3, using the same section of 

observers. The list of sets of runs made 

by night and day appear in Table B-3 and 

in full detail in Appendix C. 

Table A-l lists the instruments,show- 

ing the manner in which each was used, and 

the number of sets in which it appeared. 

Appendix A .illustrates them, lists their 

specifications, and names the sets in which 

each was tested. 

The initials HH after an Instrument indi- 

cates that the instrument was tested "Hand 

Held" - the observer, standing, held the 

instrument to his eyes, and had no elbow 

rest or other support to assist him. Thl3 

duplicates the most familiar manner in 

which binoculars are used.  (Fig. 16.) 

HHR means "Hand-Held-Rested" . Here, 

the observer was free to seek any support 

which satisfied him. He was free to sit 

on the deck"and rest the binoculars on the 

deck-rail, to sit and rest his elbows on 

the rail, to lean back and support his 

elbows on his chest. Any activity he chose 

to reduce vibration, or to render observa- 

tions less fatiguing was acceptable.* 

MTD, mounted, means that the instrument 

was rigidly 'fixed in either a Mark 51 director 

mount, or in a Mark IV Alidade. Both of these 

mounts provide for easy manipulation of the 

Instrument In question, but both are mechan- 

ically so constructed that vibration of the 

128 

* Occasionally, there is some internal evi- 
dence in the data that observers in le3s 
easily supervised positions tended to make- 
any "HH" instrument "HHR".  Thi3 was espec- 
ially true with presence of wind, when the 
men tended to keep low, behind the rail. 
This was, however, no problem In general. 
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ship i3 transmitted to the binocular. 

The 7x50x7° VFA is a standard 7x50x7° 

instrument which is suspended, within a small 

housing, from a series of free-balancing con- 

tacts (in each dimension) such that little 

or no vibration is transmitted to the 

binoculars from the ship. In this anti- 

vibration alidade mount, developed by NDRC, 

the binocular still retains its own critical 

vibration. 

TABLE B-3 

SUMMARY OF SETS OF COMPARISONS 

A. Night Observations 

Code Letter Comparison 

H Hand-held binoculars 

M Low-power mounted instruments 

P High-power mounted instruments 

B Type of mount (9 knots) 

B(s) Type of mount (17 knots) 

I Interaction: Observer-Binocular 

V variability of 7x50x7° 

E Exit pupil series 

H Hand-held binoculars 

F Fixed Focus (-Id; -2d) 

A Head rests 

W Wide-field binoculars (9 knots) 

W(s) Wide-field binoculars (17 knots) 

D(5) Field Size and Mount (5 ) 

D(10) Field Size and Mount (10 ) 

D(12) Field Size and Mount (12 ) 

N Prism telescope 

E Exit pupil series 

(Table continued on next sheet; 

Number of Sections 
& Repetitions by 

Runs in Set Each Section 

6 3x2; lxl 

6 1x1 

6 4x1 

6 

6 

5x1 )0ne 
isection 

2x1 )in com- 
)mon 

12 lxl (double 
section) 

6 2x1 

6 2x1 

3 4x1 

3 4x2 

3 4x2 

3 3x2 

3 2x3 

3 4x1 

3 4x1 

3 4x1 

3 2x1 

3 2x1 
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TABLE B-3   (CONTINUED) 

B.    Day Observations 

Code Letter Comparison 

b S7>5 oi" mount 

p Eish-pover mounted Instruments 

o ~i5CXTc monocular 

v Vidä-iield binoculars 

It iC-pcver binoculars 

n Lcv-pover mounted Instruments 

0 Lev-rover mounted instruments 

Summary of Night Operations 

Number of Sections 
& Repetitions by 

Runs in Set Each S 

3 2x1 

3 2x1 

3 3x1 

3 2x1 

3 2x1 

3 2x1 

3 2x1; lxl 

Summary of Day Operations 

Type of Set Total Invalid Reported 

12-run 1 - 1 

6-run 26 3 23 

3-run f8 10 38 

Total Runs: 177 

Total Sets: 62 

Type of Set 

3-run 

Total Runs: 

Total Sets: 

Total 

16 

13 

16 

STATISTICAL TREATMENT OF THE DATA 

The treatment of tlie data, designed to 

establish the differences among binoculars, 

followed a carefully planned and standardized 

pattern, vhlch provided for several checks 

of accuracy. Early stages were performed 

at the Submarine Base, and the later phases 

at the Department of Psychology, Yale Univer- 

sity, under the immediate direction and 

supervision of Dr. Charles E. Osgood. 

I.  Preparation of the Data for Statistical 
Treatment: 

At the end of each observation period, 

the individual observation data sheets and 

comment sheets, logs, and range sheets, and 

DRT plots for each run were delivered to 
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the statistical group and their treatment 

begun next morning.  Each observational data 

sheet incorporated In it3 heading identify- 

ing material. These sheets were first cheeked 

by name of observer, run, and Instrument 

against the schedule to ensure that th- 

correct randomization had been followed. 

Th© sheets wqre then coded and arranged by 

set designation, run and Instrument. 

The ray data which a^^ear on the sh,?ef' 

(Pig. B-2) consist of mark numbers indicating 

the number of 15-3econd intervals betwe-en the 

beginning of the run on the fort and the 

time at which the observer reported the 
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discrimination on which the entry is made 

(that is, reports seeing a certain target 

to a given criterion of seeing: first glimpse, 

lOOjS, or positive identification). For 

illustration, on the data sheet given 

in Fig. B-2, observer Shoemaker reports 100$ 

seeing on target 3 (radar screen) at 51 

(during the 52nd fifteen-second interval * 

since the beginning of the run). 

The second step in the preparation of 

the data for statistical analysis was to 

translate these mark values into correspond- 

ing range values. Synchronously with every 

time-mark, it will he remembered, the range 

and bearing of the fort from the DE was 

recorded. These values were determined by 

radar. Since the approach of the DE on the 

fort was remarkably constant in speed and 

since the radar ranges were usually highly 

reliable, the radar ranges were used 

directly, and the DRT plot used only to 

correct the occasional Irregularities which 

appeared in the radar record.  The DRT 

plots were also used to obtain ranges to 

the target vessels, on those runs where 

all radar ranges were taken on the fort. 

The mark-values were translated into 

corrected radar ranges and entered on 6x6 

(or 3x3) data sheets on which the Latin 

Square analysis was performed for each 

discrimination. These sheets (Fig. B-5) 

were used for all subsequent statistical 

computations.  Space on these computation 

sheets was provided to indicate the experi- 

* In the September night observations, 
30-second marks were used, but they were 
changed to 15-second marks for the re- 
mainder of the experiment In order to 
obtain more sensitive measurements. 
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mental series, the target, the criterion of 

seeing, data and group (code mark of set). 

Each range value entered on this sheet 

represents the performance of a given sub- 

ject (initialled in small cells) using a 

given instrument (columns) on a given run 

(rows). Space is provided on these sheets 

for run, observer, and instrument totals. 

fro  m T )  and for the complete statls- UR' l0'     I' 
tlcal analysis through the determination of 

the level of significance of the obtained 

F-values. 

Some Basic Problems in Treatment of the Data: 

Before presenting a detailed statement 

of the statistical treatment which was en- 

ployed, several basic considerations must 

be presented and clarified. 

I. The Distribution of the Data:  Other 

things being equal, data on the ranges at 

which a given target may be seen are logar- 

ithmically distributed.  Essentially, 

measurement is made of a visual angle, which 

is a trigonometric function of the range. 

Since the data are of this nature, then, 

unless the distribution of visual angles 

at threshold is Itself logarithmic, all 

data should be treated in terms of log range. 

There is ample evidence that this is true; 

first, the variability of the range is a 

function of the range, and second, the 

differences in range obtained with varlcuj 

instruments are also proportional to the 

range. 

However, further analysis has shown 

that, within any set of run3, It is not 

possible to determine whether statistical 

treatment of ranges themselves, or of log 

ranges is to be preferred; the data arr 

PES1F!iTfc'I> 

too few in number to permit a choice to 

be made.  Indeed, in the analysis of 

variance made on each set, this is a matter 

of indifference; it does not depend upon 

the usual assumption of normal distribution 

of the data. 

Evaluations of "t" and its probability, 

however, do require that one deal with normal 

distributions.  It may be, consequently, 

asked whether It is justifiable to apply 

normal curve statistics to data which theo- 

retically (if not practically) are logar- 

ithmically distributed.  It is believed that 

this is justified because: 

(1) the data within any set are so few that 

it Is impossible to determine whether a 

larger sample of them would be normally or 

logarithmically distributed. 

(2) the difference in findings is slight, 

and the error Introduced, if any, is con- 

servative. This is demonstrated by the 

findings on one set which was treated both 

ways. 

(3) the treatment of the data themselves, 

without conversion, permitted a considerable 

and necessary saving of time. 

(k)  the essentially logarithmic nature of 

the distribution and the proportionality 

of differences to ranges is taken into 

account by the summarizing procedures which 

are based upon percentages of the standard 

7x50x7° ranges obtained with each of the 

instruments. 

(5) finally, when the full distribution of 

range values is obtained on one target, 

and subjected to analysis, it is seen that 

while the statistical constants of the 

logarithmic values describe the data better 
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than those of linear values, the actual 

difference found is small.* 

The basic treatment, then, has been 

applied to linear ranges. Some of the 

special treatments, however, -have been ap- 

plied to log ranges, as a matter of con- 

venience. 

Reference Instrument 

Since all-over weather and observer 

conditions varied markedly from square to 

square, it is necessary to have some basic 

standard to which the absolute ranges ob- 

tained with various instruments on different 

sets might be related. The standard 7x50x7° 

HH binocular was included In every set In 

the experiment, and the range value achieved 

with It served as the reference level with 

which the performance of the other instru- 

ments is compared. All final results on 

each set are reported in terms of the ranges 

obtained with any Instrument expressed as a 

percentage of the range obtained with the 

standard instrument. The probability that 

these values express the performance of the 

Instrument is plotted on probability paper 

and the result is referred to as Relative 

Range Performance Curve for that set. The 

.50 intercept reflects the most probable 

"performance of a given instrument In rela- 

tion to the 7x50x7° binocular. 

Losses of Data 

It was necessary to discard certain 

data. Data on three entire sets, BB, 

W(s)l-2 and W(s)j-2, had to be discarded be- 

cause of failure of randomization in planning 

* This is, of course, in part determined 
by the visibility conditions under which 
the data were collected. 
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ttoil of values for runs, instruments and 

observers und the final summations into the 

grand total (GT).    These operations check 

directly alneeÜTj;.  £TCI, and LTZ must all 

ecv.sl the saae value (GT).    Secondly, all 

lMtrusient  totals vere divided by 6 (number 

of runs) to give the mean ranges for 

ir.st7v.Rer.t3.    Thirdly,  the correction factor 

(ä!L> vse. jetermir.ed.    Mear.s and correction 
r. 

factors vere dene separately by each of two 

eye-rstors  ir order to provide an independent 

0>s?0k. 

(5 ^    &ar o-f Sousres;    The s-urming of squares 

( Xtj.'. HT--    El;-, ar-dllx-) vas done or. 

oaiclstcrs or. vo.ich tft? entire process of 

s;<.«,\{ soxi aoc_ir.-U.;^.r^ is sutcr&tic ut.cn 

e-.—;   Oi '-tV-.es.    T>„s ».e-h-re also gives the 

i.r.v:   tet-f-l c:~  t.-e  «....es  errered,  vhioh. 

*.- e- e.<ev  e-.jrjf.or. of scuares,  should 

(^    iV.r-.sro.- .sx P-Taluss: mv^ 

eotr.o t-£t*e-" 

i    *— .       O-v 

P- •'-".•    s» vor 

Iv,-  .-,  ".'->.— . 

re£iairlr.g 

er  t-r'e ecjr.-.vt.?-f..o.r sheets 

roerero.er.T_r b; 

- .«.— .;.'-?\t of vs.r.&roe.   tr.e 
.«.->.-.- .«; '• .b.. title  to ore  e. 

-v  — ivs .-«= ;.er   to   ;-'-.-   e--.- 
- v - -.f.ro.- «;•;.•' 

: F 0,-,-e-Tt r. 
. jt_o* t.or. -.e 
-V O. .;?.!. . 1 

.OTT.'.-,-. - 

:'•  rrs.;r 
- • . v : 
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the probabilities of these F values were 

determined by reference to the F-tables 

given in Snedecor.* 

(5) Final Re-check: A final check of the 

above computations was made by having tve 

operators re-check the degrees of freedoa 

and the divisors, and also repeat the final 

computations by formulae vhich essentially 

reversed the procedures already followed. 

This last step vas designed to tick up any 

constant errors. 

Significance cf Differences Among Ir.strur:-r :e: 

The central probier: for which these ~y- 

teriments vere designed vas tc determine 

the magnitude and significance cf differ- 

ences in performance of the ir.strurer.Tj 

--sec. The F-tests made above, vhion atj-sr 

in Attendis C, provide an over-all ee-ir^- 

of the significance of difference axj:r_r 

runs, observers and instruments, but :.-.-- 

provide no evaluation of the magnitude :: 

the differences between individual ir.str.- 

ritLinatio the  s icr. 

* — ^ 
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tion individually.*    For a given set and 

discrimination (e.g.,  for Set MA,  3,  Glimpse), 

the best estimate of the variance of the mean 

range for any Instrument  (CT    )   is derived 

from the remainder,  or error,  variance as 

determined in the Latin Square analysis, 

symbolized a3 EV.     EV is an estimate of the 

experimental error after the variability 

due to runs,  observers and instruments has 

been removed.     Substituting this value in 

the usual formula for the sigma of the dif- 

ference between the  two means,   the following 

equation is obtained: 

cr»    =VI EV EV 
*2 

in which EV is the error variance for the 

square and n is the number of items enter- 

ing into each mean.  Since n. and ng are 

always equal (either 6 or 3), the formula 

becomes: 

and the required t-value is determined 

through the usual formula 

D 
t = 

Ö-D 

if t .;£.. >.v :..- ois 
., An* ;. low«. . - 

in which D is the obtained difference be- 

tween the 7x50x7° HH mean range and the 

mean range for any other Instrument employed 

in that set.  The probability that the null 

hypothesis is tenable is found by consulting 

a t-table. 

* Results in separate discriminations cannot 
be combined in the usual manner of summing 
squares since the necessary assumption oi in- 
dependent samples is not met. Generally, 
high correlation exists between discrimina- 
tions, approximating .80 for "adjacent 
discriminations and being somewhat lower 
for others. 

This method of determining the signifi- 

cance of results is necessary if the refine- 

ments of the analysis of variance are to be 

utilized, but it gives only a limited 

estimate of the relative performances of the 

instruments tested. The results obtained 

are not easily interpretable by others than 

skilled statisticians, and even they would 

have difficulty with the approximately 1000 

"t" values obtained in this manner. 

Combining and Summarizing the Results 

In order to present the results in an 

easily comprehensible manner,* further use 

was made of the t-test. The,, usual null hy- 

pothesis (that there is no difference) is 

only one of an infinite number of hypotheses 

that may be evaluated by the t-test.  The hy- 

pothesis that there is a 10% difference, or 

that there is a 25/6 difference, and so forth, 

may be tested. This becomes clearer if 

the formula for t given above, 

D 
t = 

an 
is transformed into the more general and 

theoretically useful form 

ta VLÜO 
CTD 

in which Mm is the hypothetical mean of the 

population and MQ is the obtained mean. 

The question then becomes one of the proba- 

bility that the given obtained mean could 

have been drawn by chance from a population 

having the given hypothetical meanf 

* At the well-conceived insistence of 
Lt. Comdr. H. H. Pulling of BuOrd. 

»»Obviously, then, the smaller the value of 
p, the more significant is the obtained dif- 
ference.  Throughout this-report, p is given 
wherever possible, so that the reader may 
evaluate the significance of differences 
reported. 
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In applying the formula to these data, 

M,, la tli? obtained cesn for the standard 

rx»0x~ HH for a given set and M^j is the ob- 

tained mean iVr another test instrument on 

the same set.    The t-test then gives the 

probability that the mean for the test 

lnatvusent could have been obtained from 

s ssnpie of a population having the sans 

near, ss the standard.    ?or example. If 

«_ is i.W yards and H;, iiCO yards, then 

the t-teNrhnique gi\~es the probability that, 

s diiVerer.oe as great as ICC yards in range 

viii be obtained in the absence or a basie 

dtffe.vr.oo in the efrioIer.oy or the tvo ins- 

•.-.;merts. i.e.« by ohanoe alone. If this 

vrobsbility  is only  .."1.  then there is sde- 

o/..ate reason to disoarc the hypothesis that 

;>e test t-.-sttvsent  is no better than the 

st&r.isrd. 

;." the ter:"orasn:s of the standard 

•."str>_se"  vs C^wi to ass.se values of 

oC*. ON}. :;.H.  n;*.. sni so on of its cb- 

».-.rei vsl..?. it oecoaes possible to compare 

-e vvrfecffi&rjoe of tie test  ^ns-rcaent vith 

;,».--"• of Vi*; o«f-ootiftioal performances, and 

:.* ce;eraic*- tie pov-cAoil.ty vi-i viich the 

"1- ^'ootoes.s msj  oe r*;;-cted for each. 

Vie- a series of tiese osroenta«-? 

i.<.o.ieä>*s for s ci'-s- itstc-ment on a gt-en 

Sit   .J :;\<:;;    toe «•:    tee;  sst-mitf of 

:ie  s;.jjrür>c. erro? of tie oj.ffären;e.. cased 

oo tie err.-r .'so^iccs ,-f tie set    ano. tie 

\.    cc;.s_~o. äNSO osmjss for tie jiren :est 

.«to%s*-r    rcrn^t c-iu*.. sod oo_y .%, 

*>.?*      re«* s ssr.es .-f t-'-slv?s jar. oe 

etci-rei for   3.-„.t.s Kju;-.c;ä of 

r>V - X:    ...M i ."tst.vt   -r.    «- tie e^ 

T«T   to*c i_itr.-.t..-- :f ';• jr.r-:aoies .. 
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normal distribution* these values fall 

along a straight line when plotted on 

probability paper.    Because of this a great 

deal of labor was saved,   since only two 

percentage tests were needed to locate the 

line.    The points used were 100# (equivalent 

to the usual null hypothesis) and either 

120£ or 80^,  depending on whether the ob- 

tained nean range for the test instrument 

vas greater or less than the obtained nean 

range for the 7*5to7 HH standard.** 

Such a plot as this cakes It possible 

to state the probability chat a given 

instrument vIU perform at ranges equal ;c or 

greater than any given percentage of the 

range obtsined vith the standard 7x5Cx7° EH 

binocular.    Figure 3-6 presents an example of 

suoh probability plots for the TxS-Ox?0 Y?A 

ss It functioned in relation to  the 7x;Ci~" 

on set 53.    Saoh line on this greph repre- 

sents the results for a single discrimina- 

tion (e.g. for target 5, ICO* freo-.enoy :? 

seeing).    It will be noted that the lines 

representing different targets and levels 

have varying slopes,    lie slope is a fac- 

tion of the magnitude of the standard err:r 

srenoe vhloh may vsc j   » .me 

^cr this particular turtcse the sctroxl- 
matlon of the distribution of *t* to I 
normal distribution Is sde-ua^e -.here X i- 
-.  or jrester.    In the case of the tort 
ana_ysis,  there vere betveen 12 and £1 
oegrees of fre-dom.     m the  case if the 
o*o s.  tie degr-eescf frwdocx ar- only 
- -*r .  m number and straight-line mitts 
£n pro.ability paper ;o_ld only be made 
.e.>~?n ..* ami t."^,  the f*_n-td— v-=Ir.o 
atproxtrate^T line-ar ber.een tisse'iinlts. 

,.!:•_••  —s—erati:m for tme ststisti;il-j 
-_.ri...-.o reidj-j,  tie rrct&tilitr S;sle  :t 
--;-  f-ätts >_s.s t*:- rev?rsed.  s:  that  tit  r^- 
frr^^",--"^^ -".erpretsd m t.rm;  ::' 
"•:;"*•--"? "a" tie r-latiT? rsmrr    r-r- 
 c .;   ... it l--sst S5 g-ooo s^ tiat  lio-.m- 
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\    .AA A\   \\l 
30 140 150 160 80 90^ 100 HO 120 130 140 150 

PERCENT  OF MEAN  RANGE OF HAND HELD 7X50X7 ° BINOCULARS 
SAME    DISCRIMINATION 
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of i7D the less the slope, and the greater 

the mean ranges the greater the slope. In 

most such plots, the slopes for Target 1 

(Glimpse and 10O£) are much steeper than 

the slopes of the other lines. This is a 

finding common to nearly all instruments 

on all sets, and is probably due to the fact 

that runs often started short and that these 

discriminations Involve a search problem 

where the smaller targets do not. For this 

reason, in the summatlng procedures, Targets 

1 G and 100# have been omitted from the 

analysis. They are, however, discussed with 

the data on search, which they closely re- 

semble, in relative ranges, slope, and 

instrumental findings. 

Derivation of the Relative Performance Curves 
for Each Set: 

The next step in the statistical pro- 

cedure was to combine the various estima- 

tions of an Instrument's performance from 

all discriminations in a given set into a 

single most representative expression. The 

usual method of combining probabilities is 

Inapplicable since it assumes that the 

probabilities- to be combined are based on 

Independent estimations. The procedure 

followed was to average the t-values 

mathematically determined by the values 

of p for a given relative performance of 

the Instrument in question. Referring 

again to Flg. B-6, the t-values correspond- 

ing to the probability of HOjS of the mean 

7*50x7 were averaged, and likewise those 

for 120£ and so on. When these average 

t-values were determined, their probabili- 

ties vere determined and the final combined 

probability curve for the set drawn from 
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these new probability values.  T-values 

rather than probability values were aver- 

aged because averaging of probabilities 

would minimize the importance of extreme 

values. This method of combining by aver- 

aging is a conservative one, in that it 

assumes a perfect correlation among the 

individual targets and levels. Actually, 

the correlations run at .80 and below. 

Thus, to the extent that there Is indepen- 

dent variation among targets, the signifi- 

cance of the results is underestimated. 

Each of these combined curves repre- 

sent a satisfactory though conservative 

estimate of the performance of an instru- 

ment in relation to the standard for a 

given set  The combined curve is then 

transferred from probability paper to a 

linear grid and yields a curve approximat- 

ing a typical sigmoid function. The Rela- 

tive Range Performance curves in Appendix A 

present the performance of each Instrument 

on each of_the sets of runs in which it 

appeared, as determined by this procedure. 

Final Relative Range Performance Curves: 

A final summation of these data Is 

possible which takes Into account the con- 

sistency of results obtained with the same 

instrument on different set3 employing 

different subjects and different runs. In 

thl3 summation, the usual technique of 

combining probabilities can be U3ed 3ince 

each set represents an independent estimate 

(different subjects and runs) of the per- 

formance of the instrument in question. 

The actual method involves multiplication 

of individual probabilities', and determina- 

tion of the probability of a resultant as 

PESTFICTI i 

described in Lindqulst.* 

The probability values summated in 

this final analysis were obtained from the 

relative range performance curves repre- 

senting, for each set, the be3t estimate 

of performance based on all discriminations. 

These relative range performance curves 

thus represent the best over-all estimate 

of each instrument's performance based on 

findings of the whole experiment. The 

value of the X-Intercept of these curves, 

at p : .50, is defined as the Relative 

Range Performance (.50RRP), and is used 

throughout the tables. 

In this summation, results from 6x6 

and 3x3 night 3ets are separately presented, 

because the number of degrees of freedom 

differs widely so that the estimates of 

significance varied, and also because 

systematic differences in range appeared 

between the result obtained at the two 

observation positions. The results for 

night speed runs are also treated separ- 

ately, since they constitute a separate 

* E. F. Lindqulst, Statistical Analysis in 
Educational Research. Houghton Mlfflln Co. 
lQ'fO, p. 46. 
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Investigation. All day data were combined 

wherever possible, regardless of observation 

post, since no systematic inter-deck dif- 

ferences appeared, and all were obtained 

in 3x3 3ets, 

Curves for seven individual sets, all 

on different instruments, were also dropped 

from the combined sample, since they gave 

atypical results, which seemed to indicate 

the operation of some as yet unidentifiable 

factor. One whole set, MD, was dropped 

from final summation, since the results, 

attributable to an extremely severe wind, 

were also anomalous.* 

The increased precision obtained by 

this final summation is Indicated in the 

slopes of the RRP curves, which are steeper 

than those of the curves for individual 

sets from which they were derived. This 

increase in precision is .due to the com- 

bining of independently obtained estimates 

of significance. 

* In this set, all instruments except the 
7x50x7° performed very poorly. The 7x50x7° 
was in a position where it could have been 
used HHR, which is invalid a3 a standard. 
Final evaluation of these data must wait 
upon further analysis of the results. 

SUMMARY OF OPERATIONS 

The schedule of the field trials was 

designed to include five basic experiments, 

and a series of miscellaneous trials. It 

wa3 originally planned that all experiments 

requiring joint operations with the destroyer- 

escort could be completed by 27 November, 

and that shore trials could be run simul- 

taneously. 

The beginning of demobilization made 

•'ÜCTRICTED 

it impossible to meet this schedule, since, 

at times when it had been anticipated that 

day runs could be made, it was necessary 

to recruit and train new subjects. Although 

it was possible to complete satisfactorily 

the basic trials of binoculars and optical 

instruments at night, day operations were 

limited in number, and it was not possible 

to perform those experiments requiring joint 

I'll 
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operations vlth aircraft. The importance 

of these trials, however, had diminished 

greatly with the end of the war. 

A summary of successful operations is 

given in Table B-4. 

TABLE B-4 

SUMMARY OF SUCCESSFUL RUNS 

IN EACH MONTH 

A.  Night Operations 

Month 

Successful 
Operating 
Nights 

Successful 
Runs 

September 6 39 

October 7 ' 59 

November 8 61 

December 2 18 

Total 177 

B.      Day Operations 

Month 

November 

December 

Successful 
Operating  Successful 

Days      Runs 

2 6 

3 7 

Total   13 

Night Operations: 

During the period 4 September to 

9 December 1945, the coonless period was 

sufficiently long to permit operations to 

be scheduled on 51 nights. On 23 of the 51, 

operations were carried out; operations 

were cancelled in the remaining 28 because 

of weather (19), of mechanical breakdown of 

necessary equipment on DE 132 (4), or for 

other reasons (5). 

(a) Of the 19 cancellations because of 

bad weather, one was occasioned by heavy 

sea and high wind, which made operations 
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impossible by wetting the lenses of the 

instruments in use, and the remainder by- 

rain or fog.  On one or two nights, opera- 

tions had to be suspended earlier than 

anticipated because of lowered visibility. 

In general, the time lost because of unsat- 

isfactory weather was less than had been 

anticipated. 

(b) Mechanical failure of the gyro-compass 

and of the radar of the DE 132 occasioned 

the loss of four nights of operation. 

(c) Other losses were due to such factors 

as breakdowns and "disappearance" of the LCM, 

which was required for the target crew to 

perform night operations, to urgent and 

reasonable request by the CO of the PEARY 

for liberty for his men, and to the Army-Navy 

football game, when all operations in the 

area were cancellea. 

Day Operations: 

Successful day operations were performed 

on 5 days. Of the other possible dates 

on which day operations might have been 

run, 10 of them were lost because of 

weather. The remaining time of the 110 days 

through which the PEARY was assigned was 

spent as follows: indoctrination of PEARY-6; 

installation of mounts-7; absence of PEARY 

for Navy Day-8; training runs-12; no opera- 

tions scheduled (holidays, weekends, engine 

trouble, refuelling, etc.)-ll. 

The scant number of days on which It 

was possible to perform day observations 

necessarily limited the amount and conse- 

quently the precision of the data obtained. 

The day observations were made in late 

November and early December. During this 

period, the weather in the operating area 
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was characterized by an early morning haze 

which limited visibility to some eight miles 

during the whole morning period, and also 

by a serious atmospheric refraction, which 

even more severely limited the ranges at 

which observations could be made. As soon 

as the fort and its targets became visible 

out of the haze, it had the appearance of 

a tall rectangle with broad vertical stripes. 

In any event, it was impossible to discrim- 

inate among the targets in any way, or to 

separate them from the striped appearance 

of the fort itself, under conditions of 

such extreme distortion. As a consequence, 

all the discriminations which were made at 

these ranges were not only made almost simul- 

taneously but also were quite meaningless. 

The general condition of observations 

during the day runs must also be considered. 

The days were cold, and the observation 

vessel was headed almost directly into the 

wind. Sustained observation through the 

sixty minute runs was almost impossible 

from the exposed observation posts, and 

frequent interruptions occurred while the 

men turned their back3 to the wind, or 

bent down behind the rail. This problem 

was most acute on the lower deck, where 

spray often came over the bow, wetting the 

men and their Instruments, and requiring 

time out to clean lenses. 

To what extent these factors account 

for the relatively poor showing of binoculars 

by day is not known. However, despite 

the difficulties and the limited number of 

data, the results are considered to be 

sound. 

RESULTS, PART I.  METHODOLOGICAL PROBLEMS 

The section to follow will be of lim- 

ited interest to those primarily concerned 

with the problems of optics. The results 

reported cover four types of analysis of 

the data which are necessary for the proper 

evaluation of the findings on Instruments 

(reported in RESULTS, PART TWO). The first 

of these analyses establishes that the 

basic procedure of requiring observers to 

report In terms of three criteria of 

seeing leads to valid results, and is suit- 

able for the purpose of the experiment. 

The second establishes whether it is pos- 

sible to extrapolate from the findings on 

a particular Instrument of a given type 

to others of the same design, and gives 

data on the variability to be expected 
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in the performance of a single type of 

Instrument. The third tests the importance 

of observation position in determining the 

performance of an instrument used in that 

position, and throws some light on the 

effect of the reports of one observer on 

those near him. The last describes an 

experiment. It establishes that one 

binocular will not perform equally well for 

all those who use It, but will be better or 

worse than another, depending on the user. 

This result ha3 consequences not only for 

Ho   .rVMCVi the validity of the present results, 

are based on the performances of observers, 

but also for binocular procurement, and 

the selection of personnel. 
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THE CRITERIA OF SEEING 

The basic method employed in collecting 

data 13 essentially a novel one. It requires 

the acquisition by the observer of certain 

skills in observation and reporting. If 

this acquisition is not successful, results 

based upon them are necessarily vitiated. 

Therefore, the first analysis to be presented 

is designed to determine the efficacy of 

the use of the "Criteria of Seeing". 

On each run, each subject was called 

upon to report vhen he was able to see each 

target to each of three criteria of seeing. 

The concept of criteria of seeing is funda- 

mentally based upon the probability of 

seeing curve vhich describes the frequency 

vlth vhlch a visual stimulus is effective 

vhen Its intensity is near the sensory 

threshold. 

First Glinpse: "First glimpse" is defined 

in terns of a lov frequency of seeing. 

Selov the 50?> threshold, but near it, a 

target vill appear to cone and go, and no 

stable viev of it can be obtained. In 

field observation, a target nay be seen 

ncnentarily as a single "blob" and then 

fsde cut, net to appear again for scne tine. 

3his is considered to correspond roughly 

with the lover linb of the frequency of 

seeing curve, as it is obtained in labor- 

swy ietersiEScicns of tie Liireshcla. 

ICC* Frequency:  "ICC-S Frequency" is defined 

in terns of a high frequency of seeing. At 

i very high frequency of seeing, the targe; 

will be seer, continuously ss a vag-.e blur, 

and will no longer seem to come and go. 

It is not identifiable at this level of 

visibility. 

Positive Identification" The report "posi- 

tive identification" is given when the 

observer is able to state unequivocally 

the identity of the target.  It requires 

that the target appear as more than a vague 

blur, that it possess definite characteris- 

tics of shape, brightness, size or position. 

Obviously, each observer is free to set 

up his own standards on which to base 

this report, but he must be consistent 

in reporting "positive identification" 

on the same basis from run to run. 

Analysis:  There can be no question that 

the attempt to indoctrinate our observers 

to report the set of targets in terms of 

these three "criteria of seeing" involved 

certain calculated risks; failure of the 

nen to assimilate these criteria or to ad- 

here to them consistently would yield 

highly variable data, obscuring any posi- 

tive findings and possibly yielding mis- 

leading results. With the rlsk3 in mind, 

training on the criteria of seeing was de- 

signed to set up, for each observer, a 

stable basis, as uniform as possible from 

observer to observer, for each of the three 

judgments, and to maintain them consistently 

throughout the whole series of observations. 

In analysis of the data to determine 

the effectiveness of the use of these 

criteria, a variety of methods and 3tatls- 
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tical treatments have been employed. 

Analysis of Variance:  The first analysis, 

based upon the results of the observer 

sections, is designed to yield unequivocal 

answers to the following questions: 

(1) Do the members of one observing section 

maintain from run to run the same 

standards in reporting targets to each 

of the three criteria of seeing? 

(2) Do members of two different sections 

employ the same standards in reporting 

targets, i.e. are their criteria of 

seeing the same? 

To answer these questions, a series of 

analyses of variance have been set up which 

make use of the data employed in our basic 

comparison of optical instruments. As a 

means of filling in missing values in the 

original Latin Square analyses, mean differ- 

ences in range between levels of seeing for 

all targets on a given square were deter- 

mined.  This procedure is described on 

page 134.  Since the absolute magnitude 

of these mean differences between levels of 

seeing is dependent to a considerable extent 

on weather conditions, Instruments, etc., 

ratios of the mean range for one level 

compared with another were employed, i.e. 

M 100# / H Glimpse.  Thus the range at 

which 10055 seeing Is reported Is determined 

as a proportion of the range at which tar- 

gets are just glimpsed. 

Two such ratios were determined for 

each set of squares: lOO/G and *\l/l00. 

To the extent to which these ratios are 

constant for the same group of observers 

functioning at different times, it may be 

assumed that their standards of judgment 
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have remained constant.  To the extent that 

these ratios are the same for different 

groups of observers, it may be assumed 

that essentially similar standards of 

judgment were maintained by the different 

groups. 

Randomized block designs for two vari- 

ables were utilized in this analysis, one 

variable being the order of sets (i.e., 

1st set, 2nd set, etc.) and the other being 

groups of observers (i.e. group A, group B, 

etc.)  Thus two sources of variance could 

be Isolated, that attributable to variation 

in standards with time (or practice) and 

that attributable to differences among 

groups of observers, and the significance 

of these sources of variance could be 

tested against the remainder variance. 

Since groups of subjects differed in 

the number of sets in which they partici- 

pated, separate analyses had to be made 

for various equivalent groups. Table B-5 

Indicates the groups used, the number of 

of sets run (order variable) by each group, 

the degrees of freedom entering, and the 

F-values resulting from the analysis of  . 

variance. 

These analyses of variance lead to sev- 

eral conclusions which are based upon the 

data presented in Table B-5, A and B. 

(1) The data for the 100/G ratios give no 

suggestion whatever of any consistent dif- 

ferences, either with practice, or among 

groups of observers.  Indeed, of the 6 

values of F pertinent here, five are below 

1.0, indicating that the differences were 

even smaller than those most likely to 

appear by chance in the absence of any 
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TABLE B-5 

ANALYSIS OF VARIANCE-CRITERIA OF SEEING 

A. 100#/Glimpse Ratios 

Degre es of Freedom F- Values 

Group No.  Repetitions Orders Groups Error Orders Groups 

A,  D, E 3 2 2 -      * o.* 0.280 

D,   i,   j 4 3 2 5* 0.371 0.726 

<i     r>     ri      f     tr    1 i.  k                   2 1 6 6 0.090 3.091 

B. Positive Identification/lOO# Ratios 

A, D, E 3 

h, i, j 4 

a, c, d, f, g, h, k       2 

2 2 4 0.1(63 3.250 

3 2     . 5* 1.829 4.000 

1 6 6 1.375 1.375 

*In these analyses, one value had to be filled in by the method reported in Snedecor 

("Statistical Methods", Collegiate Press, Inc., Ames, Iowa, 1938) and hence one degree 

of freedom is subtracted from the error term. 

consistency. 

(2) The data for the Pi/100 ratios do give 

some suggestion of a consistent difference 

among groups of observers. None of these 

three F values reach the 5%  level of 

statistical significance, but the three 

taken together suggest the presence of some 

consistency, indicating that the observers 

may differ among themselves in the PI 

criterion.  This difference also appears 

In the reports of the observers, which will 

be reported later. But again, as in the 

case of the 100/G ratios, there is no 

indication of the appearance of significant 

differences in these criteria with practice; 

they remained stable. 

(3) The F-values for variance among groups 

are consistently higher than those for 

variance among orders. This suggests that 

differences between observers in standards 

1*6 

of judgment are somewhat greater than 

differences in the same observers through 

time, and consequently that data from an 

individual may show high reliability.  Since 

these analyses relate to groups of observers 

rather than individuals (such estimations 

being more crucial to the final results 

reported), it is impossible to Isolate the 

individual variability by this statistical 

technique. 

Correlation Analyses: Further analyses of 

criterion data were made in order to throw 

more light on the reliability of reports, 

and in order to provide a basis on which 

these data might be compared with others. 

(1) Establishment of ratios of criteria of 

seeing to one another, 

(a) Variability of ratios of criteria of 

seeing (all instruments): 

Table B-6 gives the mean ratios G/100, 
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TABLE B-6 

MEAN FILL-IN VALUES 

(Absolute, by sets; N = 56) 

1. 
G 

100 

2. 100 
G 

3- 
PI 

100 

Mean 

1.252 

0.808 

0.61*2 

SD 

0.10£ 

0.056 

O.OQO 

r12 - -0.08 r23 = 0.05 

PI Computed Ratio: -^ = 0.519 

etc., as determined on all targets in each 

set, and the intercorrelatlons of each wich 

values obtained by adjacent observers. 

The low Intercorrelatlons between the 

correction factors derived from the same 

set of runs indicate that the values of the 

ratios vary from set to set in a random 

manner, and not systematically.  This Indi- 

cates that the ratios hold without respect 

:es,  sna conse- 

restcnding to scn-e ssp>eot of a basic Bs"b- 

3eot VS "** £**- - s~-ch as \—at measurec 

ICC range is approximately S;rf. and the 

(b) Mean ranges, by sets (-x5^x~>' 3H 

Binocular only): 

discriminations, the ratios of ICC^ and 

"?I" tc "G", and pertinent intercerrelaticns, 

from the 25az ranges cf all sees in which 

data were complete. 

The estimates of proportionality ob- 

tained by this quite different method are 

in excellent agreement with those obtained 

by the first method. 

The high intercorrelatlons of mean 

ranges based on group averages of various 

TABLE 3-7 

MEAN 7x50x7° HE ABSOLUTE RANGES, BY SETS 

Target Discrimination 

Mean Range 
(in Hundreds of Yards) 

Ration of Mean Range 
SD    to G, Same Target 

A.      3 G 53 38.3 

B.      3 100 56 29.2 

C.      3 PI 56 18.9 

D.        If G lit 30.2 

E.       k 100 43 23.8 

rAB = 
0 81 rBC = 0 86 

rAD = 0 82 rBE = 0 85 
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f.o 1.00 

7-9 0.76 

4.8 0.1*9 

9.0 1.00 

6.8 0.79 
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TABLE B-8 

MEAN 7x50x7° HH LOG RANGES BY RUNS 

(TARGET 3 ONLY) 

A. 

B. 

C. 

Discrimination 

3- G 

3- IOC 

3- PI 

rAB -  °-88 

rBC =  0.33 

Difference Log 

A - B 0.11 

A -  C 0.24 

Signal Bridge 

No.     Mean 

171    3-55 

171    3-44 

167    3.31 

.dge Gun Deck 

SD No. Mean SD 

0.18 124 3.50 0.19 

0.18 124 3.36 0.15 

0.20 118 3.23 0.17 

AB 

rBC 

= 0.82 

0.4l 

Ratio 

0.775 

0.575 

Log Ratio 

0.14 0.725 

0.27 0.537 

discriminations, when considered together 

with the low intercorrelations of ratios 

reported in the preceding section, indicate 

the high reliability of observations and 

the independence of the ratios from the 

influence of visibility conditions. 

(c) Mean log ranges, by runs: 

A final analysis investigated the 

relationships between G, 100, and PI on 

target 3. Table B-8 gives the results, 

for the signal bridge and gun deck respec- 

tively, on the log ranges on individual 

runs at which the three discriminations 

were cade. 

The ratios obtained, again, are close 

to those obtained by other methods. 

However, the correlations are of more 

interest. It should be noted that the 

intercorrelatlon of G range with 100 range 

is very high, and Is of the same order of 

magnitude as that obtained when mean ranges 
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of all runs of a set are intercorrelated. 

The correlation between 100 and PI ranges, 

on the other hand, are relatively low 

(.30 - .40).  These values permit certain 

conclusions to be drawn.  (1) Different 

individuals maintain uniform criteria for 

"first glimpse" and "100# frequency", and 

(2) different individuals vary in their 

criterion of "positive identification", so 

that, although on the average PI ranges 

are 3ome 50-55# of G ranges, they are 

relatively more variable. This 13 in good 

agreement with previous findings on PI 

ratios where individual differences were 

obscured by the use of group means. 

This greater variability in criteria 

for PI among observers reflects real 

differences in standards for reporting. 

These were investigated directly by a 

questionnaire.  In late October, 11 men were 

given a questionnaire which Included, among 
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others, questions asking each mar. to state the 

basis on which he "positively identified'' 

Targets 1, 3, 4 and 6. The results, giving 

the number of nen who used each standard, 

were as follows: 

(A) Target 1 (Fort): 

When vertical edges could be made out . 5 

When parapets were distinguishable . . 3 

When beach could be seen at edges ... 3 

(B) Target 3 (Radar Screen): 

Large and not as dark as other targets. 1 

When outline was definite   5 

Position on fort 3 

When internal structure (support 

beams) distinguishable   2 

(C) Target 4: 

Largest black target   4 

Position with respect to radar screen 

when seen clearly 7 

Clear square shape   5 

(E) Target 6: 

Size, smaller than 4 4 

Position   8 

Clear square shape   5 

The answers on Targets 4 and 6 were 

typically complex and usually named two or 

more characteristics, 

(d) Search Results: 

No extensive analysis has been per- 

formed on the proportionalities existing 

among G, 100, and PI ranges for the search 

targets, which are presented in Table B-9- 

The results on the two targets, it should 

be noted, are very similar to one another, 

which indicates that the judgments Involved 

are stable.  On the other hand, the values 

of the ratios are considerably greater than 

those for the other targets, a phenomenon 

t 
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values 

which rsy t* related rferenoes in 

the task, or, in the case cf PI, possibly 

tc the anxiety cf the observers for the 

run to be completed—especially on rights 

when the weather was poor. 

Discussion: It is clear fron the results 

given above thst the observers were able 

to set up sr.d to maintain consistent 

criteria of seeing, that these have a fixed 

proportionality to each other, and were 

proportionately affected by visibility 

change, and that two of them, G and 100, 

TABLE B-10 

RELATIVE RANGES FOR VARIOUS 

PROBABILITIES OF SEEING, 

DETERMINED IN THE LABORATORl', AND FOR 

THE CRITERIA OF SEEING USED IN THE 

PRESENT EXPERIMENT 

Source    Relative  Relative    Relative 
of      Range    Range       Range 

Data    1# Correct 50# Correct 99%  Correct 

0.525 

0.282 

"P.I." 

0.500 

Brown Uni- 
versity 1.00 0.725 

Dartmouth 
University 1.00 v 0.437 

"Glimpse" "lOOjC" 

New London 1.00 0.800 
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were remarkably uniform from observer to 

observer, but that individuals differed in 

the criteria of positive identification em- 

ployed. 

The proportionalities of ranges for 

the three criteria seem established at 

approximately 100, .80 and .50 for G, 100 

and PI, respectively. It is interesting to 

compare these relative values with compar- 

able values obtained at Brown and Dartmouth 

(Table B-10) 

The orders of magnitude would suggest 

that Glimpse corresponds to something over 

1# frequency of seeing, and 100£ frequency 

to something less than 99%.     In any event 

the variations in range over which the 

reports spread are of the same order of 

magnitude a3 those found at Brown, and less 

than at Dartmouth, which suggests that 

these data are basically similar to care- 

fully obtained laboratory results. 

VARIABILITY OF THE STANDARD INSTRUMENT 

Certain assumptions enter into the 

basic comparison of each instrument with 

a standard. The first, and most Important, 

is that each test instrument is fully 

representative of its type, and that the 

individual peculiarities of an instrument 

do not invalidate the results obtained by 

comparing it with the 7*50x7° binocular. If 

this assumption cannot be made, obviously 

the number of sets must be greatly Increased, 

so that, for example, several different 
o 

20x120x3 binoculars may be compared with 

a similar sample of 7x50x7° binoculars. 

The Sampling Problem: This assumption that 

the test instrument is representative must 

be tested; it is necessary to demonstrate 

that differences in the RRP curve from set 

to set are not related to the individual 

instruments, but only to the particular 

sample of performance obtained in 6 runs. 

In order to establish 'the magnitude of 

variability to be expected in a sample, the 

.50 RRP's of each Instrument obtained in 

each of the sets in which it appeared 
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must be examined. But it is also necessary 

to perform a separate experiment on the 

problem. For that reason, two night set3, 

VD and YE, were run, in which all six ob- 

servers employed 7x50x7° standard hand-held 

binoculars.  If differences in the perform- 

ance of each individual instrument appear, 

and if these can be correlated with optical 

properties peculiar to them, the data which 

have been presented must be considered as 

suspect whenever only one or two individual 

instruments of a given type could be em- 

ployed. 

Results: 

(A) Analysis of Variance: On both VD and 

VE, data were sufficiently complete to per- 

mit a full Latin Square analysis of variance 

on 10 discriminations. Table B-ll gives the 

number of significant F values obtained from 

the three sources of variance. In no case 

do the Instruments appear as a significant 

source of variance, although significant 

differences appear among runs and observers. 

(B) e      Analysis of Discrimination of 

* 
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MEAN   CURVE 
     FOR   ALL 

INSTRUMENTS 

60 80 100 120 140 

PERCENT   OF MEAN   RANGE   OF HAND   HELD  7X50X7 ° BINOCULARS 

THE   RELATIVE   RANGE PERFORMANCE 
OF 6 HAND-HELD   7X50X7° BINOCULARS 

BASED ON THE VISIBILITY   OF TARGETS AT   NIGHT 
WHEN   VIEWED  BY OBSERVERS   POSTED  ON   THE   SIGNAL 
BRIDGE OF  A   DESTROYER   ESCORT   TRAVELING    AT 9  KNOTS 

NOTE: 
THESE CURVES SHOW THE RESULTS OF SET VD 

RESTRICTED 

Figure B-7. 
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60 80 100 120 140 

PERCENT  OF MEAN   RANGE   OF HAND  HELD  7X50X7 ° BINOCULARS 

THE   RELATIVE   RANGE  PERFORMANCE 
OF 6 HAND-HELD   7X50X7 ° BINOCULARS 

BASED ON THE VISIBILITY   OF TARGFT9 AT   MIPUT 

WHEN   VIEWED  BY OBSERVERS   POSTED  0N   THE   SirLl 
BR.DGE OF  A   DESTROYER   ESCORT ^EL,NG^AT^KNOTS 

NOTE: 

THESE   CURVES SHOW THE  RESULTS   OF   SET VE 

iA: 

L 

TABLE B-ll 

SUMMARY OF THE NUMBER OF SIGNIFICANT 

F VALUES OBTAINED ON SIX 7x50x7° 

HAND-HELD BINOCULARS 

Set VD 

Significant Significant 
Source of        Not                     at at 
Variance    Significant    % Level X% Level 

Runs 8 2 0 

Instru- 
ment 

Observer 

10 

10 

Set VE 

Source of   Not        at 
Variance Significant %  Level 

Runs 8 0 

Significant    Significant 
at 

1% Level 

Instru- 
ment 

Observer 

10 

Target 3-100:  As a further check, the 

data on discrimination 3-100 were subjected 

to analysis using the € 2 technique.* 

Hot only absolute ranges, but also log 

ranges were fully treated. The results 

appear in Table B-12.  Only the observers 

yield significant values of £2, indicating 

again that no significant differences occur 

among the instruments. 

(C) Combined RRP Curves:  In view of the 

absence of statistically significant differ- 

ences among the instruments when te3ted by 

* The use of £ 2, the correlation ratio 
without bias, in demonstrating the signifi- 
cance of differences among classes and in 
testing the null hypothesis, is presented 
in full In Statistical Procedures and Their 
Mathematical Bases, Peters, C. S. and 
Van Voorhee3, ¥. R. McGraw-Hill, New 
York, 1910, pp. 1-5 + xill. 
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either of the previous techniques, it is 

of interest to examine the combined RRP 

curves, since these will reveal not only 

the variability in sampling, but also the 

magnitude of differences which may be caused 

by chance alone. Figure B-7 presents the 

RRP curves for the six instruments from 

set VD, plotted with the mean curve of 

the six at 100$. Figure B-8 presents the 

RRP curves for set VE. Figure B-9 presents 

the RRP curve of each instrument, combining 

the results of both sets.  The great varia- 

bility of the results for the six 7x50x7 

TABLE B-12 

£2 ANALYSIS OF DIFFERENCES AMONG INSTRU- 

MENTS, RUNS, AND OBSERVERS, ON TARGET 3 

100# FREQUENCY OF SEEING 

A.  Set VD 

ABSOLUTE 
RANGE 
(YARDS) 

LOG RANGE 

(LOG YARDS) 

Mean 3558 3-54 

Standard Deviation 856 0.11 

£2, Runs -O.O72 -O.O78 

62, Instruments 0.017 -0.013 

C2, Observers 0.07t -O.O55 

B.  Set VE 

Mean 3811 3.57 

Standard Deviation 818 0.09 

e2, Runs 0.003 0.033 

C2, Instruments -O.I32 -0.112 

£2, Observers 0.290 0.360* 

*. This figure was the only £  that was sig- 

nificant.  It is attributable to one poor 

observer, and is significant at the 1%  level. 
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MEAN   CURVE 
•     FOR   ALL 
INSTRUMENTS 

60 8 0 100 120 140 

PERCENT OF MEAN   RANGE  OF HAND  HELD 7X50X7 ° BINOCULARS 

THE   RELATIVE  RANGE PERFORMANCE 
OF 6 HAND-HELD   7X50X7° BINOCULARS 

BASED ON THE VISIBILITY   OF TARGETS AT   NIGHT 
WHEN   VIEWED BY OBSERVERS   POSTED  ON   THE   SIGNAL 
BRIDGE OF A   DESTROYER   ESCORT   TRAVELING   AT 9 KNOTS 

NOTE: 

THESE CURVES SHOW THE COMBINED RESULTS OF SETS VD ö VE 

Figure B-9. 
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binoculars in set VD is apparent,* as 

are the remarkably slight differences found 

in VE. No differences between the set3 

to which this may he attributed have been 

observed. The wide dispersions of the six 

Instruments in VD (Flg. B-7) is greatly re- 

duced when the curve on each binocular for 

YD is summated with that on the same 

binocular in set VE (Fig. B-9). This 

indicates the importance and effectiveness 

of combining the results for each binocular 

over the several sets in which it was used. 

The apparent differences which appear 

in Figs. B-7, B-8 and B-9 do not correlate 

with the optical properties of the instru- 

ments as measured at the Optical Inspection 

Laboratory of Pennsylvania State College 

shown in Table B-13. The variation of 

performance, then, among the six instru- 

ments is presumably due to the small size 

of the sample; there is no relationship to 

* Note that it is associated with less 
steep slopes, indicating a large error 
term In the findings. 

RESULTS, PART I 

the optical constants of the instrument. 

A Second Approach to the Variability of 

Samples: 

The treatment just presented clarifies 

the sampling problem with respect to the 

RRP obtained on an Instrument in any one 

set. There is ariother way in which results 

on sets may differ from one another, besides 

lateral displacement of RRP curves, and 

that is in the magnitude of the experimental 

error within the set, as measured by the 

remainder variance. This is reflected in 

the Standard Error of the Difference ob- 

tained in the set, which in part determines 

the slope of the RRP curves of each instru- 

ment tested in the set. The steeper the 

slope, the less is the error of measure- 

ment, and the more reliable are the dif- 

ferences found. Since the standard instru- 

ment is included in all sets, and reflects 

TABLE B-13 

THE .50 RRP'S OF SIX 7x50x7° BINOCULARS 

AS RELATED TO OPTICAL INSPECTION TEST SCORE 

Serial No. 
Position 
on Bridge Set VD Set VE 

Sets 
VD, VE Comb. 

%  Contrast 
Renditions 
Right   Left 
Barrel  Barrel 

KDC Score, 
Average 
Center 

of Field 
Both 

Barrels, % 

>tOS395 A 1 115.0 101.8 108.0 92 92 70 

259904 B 2 91.5 97.0 94.0 93 91 80 

108382 C 3 101.0 103.3 102.5 89 92 79 

108385 D 4 107.0 99.0 98.0 91 91 69 

I08389 E 5 85.5 104.0 93.0 91 91 60 

259902 F 6 97.5 94.0 95-5 93 93 78 
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MEAN  CURVE 
 Qi, Q3   CURVES 
  EXTREME   CURVES 

60 80 100 120 140 

PERCENT OF MEAN   RANGE OF HAND  HELD  7X50X7 "BINOCULARS 

THE   RELATIVE RANGE PERFORMANCE 
OF THE 7X50X7° H.H.   BINOCULAR 

BASED  ON THE VISIBILITY OF  TARGETS AT   NIGHT 
WHEN  VIEWED BY OBSERVERS POSTED  ON   THE   SIGNAL 
BRIDGE OF A  DESTROYER   ESCORT   TRAVELING   AT 9  KNOTS 

NOTE: 

THE  CURVES   SHOW THE VARIABILITY   OF   PERFORMANCE 
OF  THE   7X50X7° H.H. BINOCULAR   FROM  SET   TO   SET 

Figure B-10. 
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60 80 100 120 

PERCENT  OF MEAN   RANGE  OF HAND  HELD  7X50X7 

140 

BINOCULARS 

THE   RELATIVE  RANGE PERFORMANCE 
OF THE 7X50X7°  H.H.   BINOCULAR 

BASED ON THE VISIBILITY  OF  TARGETS AT   NIGHT 
WHEN  VIEWED BY OBSERVERS POSTED   ON   THE   GUN 
DECK   OF A    DESTROYER   ESCORT   TRAVELING   AT 9 KNOTS 

NOTE: 
THE  CURVES   SHOW THE VARIABILITY  OF   PERFORMANCE 

OF  THE   7X50X7° H.H.  BINOCULAR  FROM  SET   TO   SET 

-Fiir RESTRICTED 

Figure B-ll. 
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PERCENT OF MEAN   RANGE  OF HAND HELD 7X50X7 ° BINOCULARS 

THE   RELATIVE  RANGE PERFORMANCE 
OF THE 7X50X7° H.H.   BINOCULAR 

BASED ON THE VISIBILITY OF TARGETS IN DAYLIGHT 
WHEN VIEWED BY OBSERVERS POSTED ON A DESTROYER 
ESCORT   TRAVELING    AT   12  KNOTS 

MATC • 

THE  CURVES   SHOW THE VARIABILITY   OF   PERFORMANCE 
OF THE  7X50X7° H.H.   BINOCULAR  FROM    SET   TO    SET 

Figure B-12. 
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most directly the error of measurement, it 

may Dt used to give comparative data on this 

variability. Figs. B-10, B-ll, and B-12 present 

the mean, the steepest, the shallowest, and 

the first and third quartlle RRP curves ob- 

tained with the 7x50x7° binocular during the 

night observations (signal bridge), night 

observations (gun deck), and day observa- 

tions (all decks) respectively.  It is appar- 

ent from these curves that, in some sets, 

only slight differences in .50 RRP values 

may be significant, and that in others, 

great differences may be without signifi- 

cance because of a large error term^ The 

magnitude of the error term in each set may 

be examined in Appendix A, where the 90, 

50 and 10 Intercepts for the 7x50x7° binoc- 

ular in each set are presented. 

It is, again, clearly necessary to 

establish RRP's by combining results from 

as many sets as possible. 

General Discussion: 

The methods of analysis which" have 

been employed in the present study have not 

been sufficiently developed theoretically 

for it to be possible to evaluate the error 

of measurement of the .50 RRP of each of 

RESULTS, PART I 

our final curves. There can be no doubt 

that steps should be taken to determine 

it  Here, as before, the results and the 

interpretation of them, have been seriously 

handicapped by the lack of time and per- 

sonnel to carry the treatment of the data 

far enough. 

The reader is advised to take into con- 

sideration both aspects of the sampling fac- 

tor when evaluating a particular binccular. 

This may be relatively readily achieved by 

examination of the graphs of Appendix A. 

Considerations stemming from this problem 

have played a large part in the actual 

planning of the experiment; the policy was 

set, and every effort was made, to increase 

the number of sets for an instrument where 

small differences were found, or where 

great variability was encountered. This 

could only be done at the expense of other 

comparisons where large differences, or 

differences associated with low variability, 

were obtained. Because of this policy the 

precision of the .50 RRP Is not the same 

for all instruments, and some instruments 

appear in many more sets than others. 

OBSERVATION POSITION 

RESTRICTED 

The position on the vessel from which 

observations were made may be a possible 

source of error, or of misleading results. 

These may relate to height of eye of the 

observer or to the position on any given 

deck In which the instrument is used. 

Height of Eye: As reported later in greater 

detail, during the night runs a consistent 

RESTRICTED 

difference of the order of magnitude of .10 

log units' appeared between the mean log 

range of Target 3-100 as obtained on the 

signal bridge, and as obtained on the gun 

deck.  The heights of eye are, respectively, 

32i and 25'. This difference did not relate 

itself to any systematic difference in the 

performance of optical instruments, except 
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in ti-.o ess* »-~ t>.o 10x50x7 HH binocular, 

vhlÄ y.süfvS s? SS? of 117.0 in the lover 

vositi". *->?. •?-? 1C* " in the higher. For 

tills rss««j-. ?>fSi.iJ* Stained on the gun 

deci sc? vnfs*^**>i ssjsrstely from those 

cttsirsi ä "i<f si^asC is-iise. Analysis 

of tis ycsaiil* causes cf this phenomenon 

=^s-; svsi; & ftiller svslvstien of all the 

exr*~ise^-si results. 

Tfcs data obtsined during the day runs 

?rc:i both, of these levels, as veil as from 

the lover deck (height of eye: 20') shov, 

for nean log ranges of 3 different dis- 

criminations, no systematic differences 

vhatever, so that results from all three 

levels could be combined in the final HRP 

curves presented. 

Position on Each Deck:  Besides height of 

eye, the effect of the position of each of 

the six observation posts of the signal 

bridge, and of each of the three on the gun 

deck must also be analyzed. It is possible 

that a systematic factor may operate in one 

position to enhance or diminish the per- 

formance of the instrument employed in that 

position.* One possible systematic factor, 

the effect of communication betveen ob- 

servers, with consequent false reporting or 

similar effect, should reveal Itself in such 

an analysis. If the reports of one observer 

affect those of another, consistent differ- 

ences should appear between the performance 

* In the night observations made in Sep- 
tember, it va3 possible to rotate the hand- 
held binoculars tested among the six posi- 
tions on the signal bridge so that the 
effect of any systematic factor could be 
annulled. With the requirement of mounting 
instruments, however, it was impossible to 
continue this rotation. The September ro- 
sults had Indicated that ouch rotation va3 
not necessary. 
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of observers in the isolated positions 1 

and 6 on the signal bridge, and those of 

the observers in the relatively close posi- 

tions 2, 3, 4 and 5. Consistently longer 

ranges would be expected from positions 

2 3, 4 and 5, if the observer first 

reporting affected the others, 3ince his 

report would stimulate the other observers 

to report earlier than otherwise.  Greater 

variability in observations from positions 

1 and 6 would also be expected, since these 

observers presumably would be unaffected 

by the "levelling" effect which such inter- 

stimulation would produce. 

Results - Night Runs: 

(A) Table B-14 gives the mean corrected* 

7x50x7° HH by ranges (sets YD and VE are 

not included) on discrimination 3-100, for 

each of the nine positions of the night 

observations together with standard devia- 

tions, and C  for the six positions on 

the signal bridge. 

Discussion:  From Table B-14, it would ap- 

pear that there is a slight tendency for 

position 1** to give shorter ranges than 

positions 2, 3, 4 and 5, and a strong ten- 

dency, statistically significant at the 

Vf>  level, for position 6 to do so. No sys- 

tematic phenomena relating to variability 

appear. Analysis of the 12 cases entering 

into the data in position 6 show that they 

I60 

* The corrections employed are based 
primarily on visibility, and are presented 
in detail in a later section. 

** Inferior ranges from position 1 may be 
partly because thi3 position was the m03t 
difficult to supervise, 30 that these re- 
sults might occasionally be on "hand-held- 
rested" binoculars rather than "hand-held", 
I.e., it was possible for the men in this 
position to rest their elbows.  It Is not 
believed, however, that this happened ex- 
cept in the case of very bad weather. 
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TABLE B-14 

e ANALYSIS OF MEAN RANGES OBTAINED 

AT EACH OF NINE POSITIONS (NIGHT OBSERVATIONS) 

Position 

1 SB 

2 SB 

3 SB 

4 SB 

5 SB 

6 SB 

7 GD 

8 GD 

9 GD 

All 

are by no means a random sample of perform- 

ance at that position~8 of the 12 were 

obtained in the September series of tests, 

when visibility was generally poor. 

A further check on the validity of the 

inference that instruments perform more 

poorly in position 6 is needed, and is made 

possible by data from sets VD and VE (Table 

B-15). In an earlier section of this re- 

port, data are adduced which show that 

the binocular in position 6 obtained RRF's 

of 97.5, 9*1 and 95-5 in set VD, set VE, and 

in the' combined sets respectively. The 

relative standing of the binoculars used 

in position 6 was 4th, 6th, and 4th from 

the group of six for the three.  If now 

we consider not only these data, but also 

those in Table B-14, it is evident that 

there is only a slight tendency for posi- 

tion 6 to yield consistently poorer 

performance.  If it is a genuine effect, 

it is a small one, of the order of .03 log 

N Mean SD 

35 3.53 0.12 ^ 

23 3.57 0.16 €2 = 0.048 
c 

38 3.57 0.13 Just signifi- 

30 3.57 0.14 cant at 5% 

26 3.58 0.12^1 T = 3.2 level 

12 

43 

3.39 

3.57 

0.17^ 

0.13^1 

P < 0.001 
y 

45 3.55 0.13 r2 not calculated 
37 3.56 0.13 

289 3.55 0.14 

yards, and without statistical significance, 

and even this may be more due to distrac- 

tions at position 6, mentioned earlier, 

than to interstlmulatlon of observers. 

TABLE B-15   

£* ANALYSIS OF POSITION EFFECT 

ON SETS VD AND VE 

(NIGHT OBSERVATIONS) 

Position Set VD Set VE 

MEAN LOG MEAN LOG 
RANGE RANGE 
(YARDS)    SD    (YARDS)    SD 

1 3.59 0.11 3.58 0.14 

2 3.49 0.07 3.56 0.08 

3 3.55 0.12 3.59 0.06 

4 3.56 0.10 3.56 0.09 

5 3.50 0.10 3.58 0.08 

6 3-53 0.11 3-55 0.08 

€2 = 0 04 ; not e2 =-0 14; 

significant not significant 

-/ancTtt 
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TABLE B-l6 

MEAN LOG RANGES FOR THREE DISCRIMINATIONS FOR FOUR 

OBSERVATIONS POSTS, WITH £2 ANALYSIS OF SIGNIFICANCE 

OF DIFFERENCES IN POSITION 

Port, Signal Bridge 

Starboard, Signal Bridge 

Gun Deck 

Lover Deck 

All observations 

.2 

Discrimina- 
tion 7-G 

Discrimina- 
tion 8-100 

Discrimina- 
tion D-PI 

No. Mean SD Mean SD Mean SD 

12 1.11 0.13 t.13 0.11 3-52 0.20 

12 f. Ik 0.13 if.06 0.17 3.f5 O.13 

12 f.lk 0.10 if.05 0.21 3-52 O.llf 

12 4.10 0.12 if.08 0.07 3.f6 0.20 

48 1.12 0.12 if.08 0.16 3.^9 0,17 

-0.07 -o.of -0.02 

Ho value of 62 obtained here is statistically s'ignlflcant iji^ni 

Day Runs: 

There vere not sufficient day runs to 

permit analysis of results on each of the 

12 positions employed. During these runs, 

the practice followed in the later night 

series, of maintaining the position of an 

instrument constant through a set, was 

continued. 

Table B-16 gives the results of an 

£  analysis of the day observation posts, 

grouped as port signal bridge, standard 

signal bridge, gun deck and lower deck. 

This analysis suggests that no difference 

in these positions may be expected. 

Comment: 

It Is concluded that the effect of 

position on the bridge and of inter- 

stimulation among observers, is a small 

one, and that the data do not lose re- 

liability. 

Further evaluation is clearly required, 

however, before the results may be considered 

as unequivocal, and this must Include analy- 

sis with respect to the effects of wind, 

which consistently affected certain po3ts 

more than others. 

INTERACTION 

It is possible that all individuals 

will not give equivalent performance with 

the sane type of binocular. For some, 

the 7^50x7° vill give optimum efficiency 

and maximum ranges, and for others, 

another, such as the 10x50x7°. Comments of 

observers clearly indicate differences 

among individuals with respect to the in- 

strument preferred, and it 13 well known 

that, on the basis of rough observations. 

several experienced individuals will dis- 

agree as to which is the best of several 

types of binoculars. An effect of this 

3ort, which produces different results 

from different observers, is termed inter- 

action. If such interaction occurs 

between observers and instruments, and 

to an important extent (in terms of the 

relative ranges obtained), it must be taken 

into account in the interpretation of our 

results. 

Similarly, it is possible that some 

binoculars are better suited for use under 

certain conditions of visibility than are 

others.  Such run-instrument Interaction is 

not without Interest, although less critical 

to the results. 

It is impossible, in using the Latin 

Square design, to determine whether either 

type of interaction appears, since, in 

this design, each instrument is used only 

once by each observer and only once on 

each run, and hence no estimate can be made 

of the variance of a given Instrument for 

the same runs, or for the 3ame observers, 

against which the variance attributable 

to observe-instrument and run-instrument 

interaction can be evaluated. Since the 

major concern was the measurement of the 

differences among instruments, which are 

most precisely estimated in the Latin 

Square design, interaction had to be 

investigated separately. 

Because of the limited time available, 

only one type of interaction was studied. 

The interaction between instruments and 

observers was selected, not only because 

it is more critical to interpretation of 
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our data, but also because the probability 

seemed slight of getting operationally 

significant variations in run conditions 

(from which to obtain instrument-run 

interaction) within the short time alloted. 

Unfortunately, under the conditions of this 

experiment, both types of interactions 

cannot be evaluated simultaneously. 

Statistical Design and Procedure:  The 

design employed to measure the instrument- 

observer interaction employed 12 observers 

(Sections A and F), using three instruments 

over twelve runs. Each observer used a 

given instrument twice, on alternate run3. 

The standard 7x50x7° HH, the 7x50x10° HH, 

and the 10x50x7° HH were the Instruments 

studied since they are similar in over-all 

performance and mode of use, and they vary 

from one another in a manner which offered 

the possibility of yielding correlations 

with observer-variables. The random 

assignment of observers to instruments was 

essentially the same as described for the 

basic procedure. 

TABLE B-17 

SOURCES OF VARIANCE AND ASSOCIATED 

DEGREES OF FREEDOM IN 

INTERACTION EXPERIMENT 

Source of 
Variance Number 

Degrees 
of Freedom 

Between cells 36 (35) 

Instruments 3 2 

Observers 12 11 

I x 0 - 22 

Within cells - 36 

Total 72 71 

lb2 HESTPICIEP RESTRICTED 
163 

mmmm 



iirf-y* i,<tmx.,-:  . ij.,.rw:._^^-•*,-<- .~TESZ^B^äxL^j .A^-V^Ca.fc.^.n 

» 
FIELD TESTS OP OPTICAL INSCTUMENTS 

Table B-17 indicates the sources of 

variance and degrees cf freedom associated 

vlth and involved ir. this experiment. The 

total variance is divisible into two sources, 

that betveen cells sr.ä that vithin cells, 

a cell including the tvo range values 

entrained by a given subject on one instru- 

ment. There are a total of $6  cells 

(IC neu x 3 instruments), yielding 35 de- 

grees of freedom betveen tvo cells. This 

betveen-cell variance is itself divisible 

into three sources: variance attributable 

to instruments (2 degrees of freedom), 

variance attributable to observers (11 de- 

grees of freedom), and variance attributable 

to interaction betveen instruments and 

observers (22 degrees of freedom 

Hr[35 ~ (2 + 11)]   )• 

The remainder of the total variance is 

attributable to the variance vithin cells, 

vlth 3*5 degrees of freedom.     This includes 

the variance due to experimental error as 

veil as the run variance which cannot be 

separated from the error variance.    It 

serves as the basis for estimating the sig- 

nificance of the variance attributable to 

interaction.* 

As ir. the basic  statistical procedures, 

these analyses for interaction vere per- 

fcreed separately on each discrimination. 

*    It vlil be noted that  in this design 
tie rcsslbie  effects of run differences are 
ct^fo-jidei both vith the interaction and 
%-e  error effects.    To the extent  that 
—??."   run differences are present    the onlv 

r^r-eister.t IrXiuenoe they seem capable of' 
J":- -:.? or. the  value of P is to diminish 
--.    t.-.-.s oor.fc-.ir.dlng,  then,  appears to 
=&*.-£   :o.e  s*.V!=cr,;s of the significance 
:r :_*•.: i-teriotion effect err In the dlroo- 
-.:-  :i b-elr^r conservative,    since the 
x.j.tJlity vas relatively uniform at  the 
tisf  ti.e  r-r.s or, interaction were made, 
lie  error irtroduoid la believed to W 
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The computations Involved were essentially 

similar to the basic procedures and will not 

be detailed here.    However,   in this case, 

the critical F-value is obtained by dividing 

the I x 0 variance by the wlthln-cells 

variance.    The variance due  to consistent 

differences among Instruments and observers 

is removed from the total variance among 

cells,  and there remains  the variance 

attributable to interaction.    The  signifi- 

cance of this variance is tested against 

that due to experimental error,  and differ- 

ences among runs  (the withln-cells variance) 

This analysis could be performed on only two 

targets,  1 and 3,   (to all criteria of seeing) 

owing to poor visibility. 

Results: 

All six F-values vere significant at 

the 1$ level;  3hovlng that there exlst3 a 

significant tendency for an individual ob- 

server to perform relatively better vith 

one instrument than vith others,  and that 

the best Instrument is not the same for 

all observers.    This statistical conclusion 

is borne out by Inspection of the  re3ult3 

on each discrimination.     Ten of the 12 

observers did best vlth some one instrument 

on all six discriminations;   three men per- 

formed best vith the standard 7xf0x7° EH. 

four with the 7x50x10° EH,  and five with 

the 10x50x7° HH. 

Individual results are given in Table 

B-lS 5 n terms of the percentage of th« 

mean range on all discriminations for 

nil observers and instruments  (3,360 

yards). 

So correlation betveen the rreferr-:; 

tnsiruni'M and any other variable  en vi..:-- 
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TABLE B-18 

PERCENTAGES OF MEAN RANGE ON ALL DISCRIMINATIONS OBTAINED BY EACH OBSERVER WITH EACH INSTRUMENT 

 IN INTERACTION EXPERIMENT 

Subject Section 
7x50x7° 

Percentage of Mean Range 

Ca 

Tu 

Na 

A 

F 

F 

7x50x10° 10x50x7° 

Overall 
Average 

• 128 

117 

175 

Average 140 

76 

75 

84 

78 

67 

109 

82 

86 101.3 

Co 

La 

An 

Mi 

A 

F 

A 

F 

79 

83 

92 

77 

Average 83 

140 

155 

139 

181 

154 

74 

78 

71 

71 

73 IO6.7 

At 

Cu 

Ba 

Fi 

Br 

A 

F 

A 

F 

A 

90 

105 

104 

63 

84 

Average 89 

65 

64 

74 

70 

73 

69 

102 

124 

111 

166 

158 

132 97.0 

Average 99-7 99-4 101.0 

% 7x50x7° Range 

Section A: Average 

(Experienced 
Observers) Percentage 

Section F:  Average 
(Less Ex- 
perienced 
Observers) Percentage 

100.0 99-7 101.3 100. 0 

96.1 94.5 97.1 

100.0 98.3 101.1 

103.3 104.8 105.0 

100.0 101.4 101.6 

data are available is evident, although it 

is suggestive that, of the five men who per- 

formed better on the 10x50x7°, four had 

Pupil diameters In excess of 7.5 mm. This 

•»ay indicate that clipping is a factor in 

decreasing performance, in that it could 

hardly occur in the case of these men on 

this instrument. Only one man who had a pu- 

pil diameter of this magnitude preferred 

another instrument. There is 3ome indication 

that the men who did best on the 10x50x7° 

did poorest as a group. This does not cor- 

relate with training and experience. 

No relationship was evident between 

the observers' comment sheet ratings and 

their instruments of best performance; 

RESTRICTED 165 
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their subjective evaluation did not match 

their performance. 

Interpretation: 

These results shov that interaction 

occurs; some men perform better on some 

Instruments than on others. Moreover, 

It may be, in some cases, a large effect. 

Relatively great differences in the.ranges 

obtained by individuals on different 

binoculars are apparent. 

It is probable that such differences 

in performance relate to the tendency of 

individuals to rate some Instruments higher 

than others, even though, In this small 

group of tvelve men, subjective evaluation 

data did net seem to bear much relation- 

ship to performance on the three binoculars. 

She presence of interaction requires 

that the relative performance of binoculars 

must be established en a Isrge group of 

man. If only small samples of* men are 

employed, the results may be misleading. 

Tn the present experiment, although it 

v^as not anticipated that such large sys- 

tematic differences among men vculd appear, 

it is believed that a sufficiently large 

ami representative population used each 

instrument to permit its proper evaluation." 

The data jive some supp-ort to this belief; 

the mean percentage values obtained by 

the men in Section ? and Section A in 

this special experiment compare roughly vith 

the same sections observed (Appendices A 

snd C).    It must be emphasiied that  the.50 

S3? is calculated differently than the 

jsean percentage ranges in Sable 3-1$. 

It should also be ncted that for both see- 

NAVORD REPORT 77-1(6 

tions in thl3 experiment,   the 10x50x7    does 

not show the superiority usually found. 

The most important aspect of interaction 

between instrument and observer is the impli- 

cation it carries for instrument design, 

the selection of personnel,  and for visual 

theory.    If the best Instrument for the 

average observer is selected,  then it should 

.  follow that all personnel who will use it 

ought to be selected in some manner so 

that only those for whom it is the most 

effective will employ It.    If all personnel 

must be employed,  then it follows that sev- 

eral types of instruments should be avail- 

able,  so that each man will use that which 

gives him best results.     In either case, 

more information on the phenomenon should 

be obtained and the finding verified.    A 

definitive attempt should be made to ascer- 

tain the physiological or psychological 

variables which determine instrument 

preference so that it vill be possible to 

set up a series of appropriate visual 

measurements to classify the individual 

with respect to his performance on various 

instruments. 

The type of individual difference which 

may serve as the basis of such Interaction 

will probably be found in the absolute 

values of the constants of the mathematical 

expressions of the various visual functional 

relationships.    There is some experimental 

evidence which indicates that there is r.ot 

necessarily a high correlation among the 

values for these constants for the samt- 

observer.* 

*    Tlce, ?. Q. ,  Individual Differences '-•• 
Fusion Frequency Correlated with Other 
Visual Freeesses.    Unpublished rector's 
dissertation, university of Virginia,  i~3?- 

-£5:-::THD 
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Interaction also requires other types 

of research; the extent to which the advan- 

tage of a particular Instrument may be off 

set by the interaction factor should be 

determined. 

As yet, In the absence of further re- 

search, and with a lack of understanding 

of the factors involved, the positive 

evidence of interaction has no immediate 

practical application. Further research 

Is essential. 

RESULTS, PART II.  INSTRUMENTS 

In Results Part I the general reliabil- 

ity of the experimental methods developed 

was discussed.  Part II presents the actual 

results attained by the various Instruments 

tested.  It also describes and discusses 

the relative importance of such factors 

as mounts, head re3ts, magnification, and 

exit pupil. 

BINOCUIAR VS NAKED EYE 

The effectiveness of any optical instru- 

ment Is the advantage over naked-eye obser- 

vations which it will yield to the observer. 

Although it is a basic reference point, the 

naked eye could not be employed throughout 

the experiment because of its low efficiency. 

Consequently, the advantage of the standard 

7x50x7° binocular over the naked eye was 

first established, and evaluations of 

other Instruments were made in terms of 

its performance.  The naked eye was used 

as an "instrument" In four 6-run sets of 

the hand-held series run at night in 

September, and in two of the 3-run day 

blocks. 

Binocular Advantage at Night: 

In none of the four sets were sufficient 

data obtained on the naked eye to permit 

calculation of RRP curves. This in itself 

is an index of its poor showing. However, 

a rough analysis permits calculation of 

the approximate "binocular advantage" 

obtained, which is defined as the ratio of 

RESTRICTED 

range obtained using the standard 7x50x7 

binocular to range obtained with the naked 

eye. 

(a) From a total of 9 discriminations in 

the four sets, mean naked-eye observa- 

tions were obtained, which could be 

compared with the mean 7x50x7 HH 

ranges on the same run. The average 

binocular advantage Mean Range for . 

Binocular / Mean Range for Naked Eye 

for these 9 discriminations was 2.50. 

(b) On a total of 18 other discriminations, 

on which mean ranges on the 7x50x7° HH 

could be determined, It wa3 possible 

to set a lower limit below which the 

binocular advantage cannot fall, by 

dividing the mean range obtained with 

the standard by the maximum range 

which the naked eye could not have ex- 

ceeded, which is the range at which the 

DE turned from its approach course. 

The average "minimum" value proved to 

be 2.M. 
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These data would seem to indicate that 

the naked eye range is approximately 40$, 

certainly no greater, of the 7x50x7 range, 

and that the binocular advantage is close 

to 2.50.    Thi3 figure may be compared with 

the landings in Comdr. D. R. E. Brown's 

report to BuShips, A Study of Visibility 

and Concealment Computed from 708 Sightings 

of U. S. Submarines: 

"On clear starlight nights, the aver- 

age range of 236 sightings through 

7x50 binoculars was 1560 yards. The 

farthest sighting range was 3600 

yards. When binoculars were not 

used, but all other conditions re- 

mained the same, the average sight- 

ing range was not less than 625 

yards, the farthest sighting by the 

unaided eye occurring at 1800 yards " 

This yields a binocular advantage of 

2.60, close to the present figure. 

The agreement between these two field 

results would seem to Indicate the labora- 

tory findings on the 7x50x7° HH, under 

approximately the same conditions of illum- 

ination, yield somewhat greater advantages 

than can be expected in practice  At Brown 

University, the advantage was determined as 

'*.0  (OSRD Report 6128). At Dartmouth 

University, the extremely high value of 6.2 

was obtained (OSRD Report 4433). 

3inocular Advantage in Daytime: 

Data were complete on sufficient dis- 

criminations during the day runs to permi* 

determinations of the RRP of the naked syo. 

NAVORD REPORT 77-1(5 

The .50 RRP obtained was 90. Figure B-I3. 

presents the RRP graph. The reciprocal of 

this 90 RRP yields an estimate of the 

binocular advantage 1.11, which is less 

than half of that obtained at night. Xhs 

surprisingly small increase in range 

yielded by the 7x50x7 binocular by day 

msy in part be attributable to the mediocre 

visibility encountered, and to the poor 

observing conditions, although these should 

handicap the naked-eye observations as well. 

The result is not unexpected, however, 

from the computations cf visibility and 

binocular advantage performed by the 

Tiffany Foundation*, which indicates that 

optical instruments should cot yield great 

advantage under daylight conditions. 

Discussion: 

Lest a tendency to underestimate the 

usefulness of binoculars he reinforced by 

these findings of 2.50 by night and 1.11 

by day, it 3hculd. perhaps, be emphasized 

that the probability of detection of tar- 

gets is a function of the 3quare of the 

absolute ranges, so that the binocular 

advantages for detection of targets in 

an area are 6.75 and 1.3, for night and 

day respectively. These values more 

ilo-sely represent the actual operational 

advantage to be obtained from 7x50x7° HH 

binoculars than do the range values. 

* Hardy. A. C. The Effects of the Atmos- 
phere on the Performance of Optical 
-instruments.  Miüutea and proceeding» 
of the Army-rjavy-BRC Vision Committee, 
l^th Meeting, 12-13 February, 1Q46, 
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20       40      60      80      100 

PERCENT OF MEAN RANGE OF HAND HELD 7X50X7 "BINOCULARS 

THE  RELATIVE  RANGE PERFORMANCE 
OF  THE   NAKED   EYE 

BASED ON THE VISIBILITY   OF TARGETS  WHEN 
VIEWED   BY   OBSERVERS    POSTED   ON A  DESTROYER   ESCORT 

NOTE:  NIGHT CURVE DATA  APPROXIMATE 
AND INSUFFICIENT FOR ACCURATE 
PLOTTING  DAY (12 KNOTS) 

 NIGHT (9 KNOTS) 
SIGNAL BRIDGE 

Figure B-13. 
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THE MONOCULAR VS THE BINOCULAR 

The 7x50x7 HH binocular was v.sed both 

as a monocular and binocular In six 6-run 

sets by night, and four 3-run sets in the 

day series. 

Night Results:  The .50 RRP (Fig. B-\k) 

of the monocular was 91 based on the few 

discriminations vhlch could be calculated 

on a relatively inefficient Instrument. 

The use of a binocular rather than a monoc- 

ular, then, extends the range by 10$ at 

night. This finding in the field compares 

closely vlth the 10-25# Increase predicted 

from theoretical data by the Subcommittee 

on Binoculars of the Army-Navy-NRC Vision 

Committee.* 

At Brown University (OSRD Report 6128) 

the 7x50x7° HH binocular increase in range 

at higher brightness (7.1 log uul, as com- 

pared with the present 5.0) was determined 

as 20#.  The Brown report noted that only 

10# increase would be predicted at thi3 

level of illumination if the two eyes acted 

as "Independent observers" and attributed 

their greater range to binocular inter- 

action of a not yet understood nature. 

Day Results: The 7x50x7° monocular was 

used on both the gun deck and the lower 

deck of the DE during the daylight obser- 

vations, and the combined estimate of Its 

• 50  RRP (Fig. B-l1!) obtained under these 

conditions was 99.1. That the advantage 

of binoculars by day Is Insignificant may 

* Page 2k  of Minutes and Proceedings of 
the Army-Navy-03RD Vl3ion Committee, 
12th Meeting, June 1945. 
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be expected; if It exists at all it might 

disappear entirely had observers skilled 

in the use of monoculars (such as signal- 

men) been used. The smaller advantage 

is expected for theoretical reasons at 

daylight brightnesses. 

Discussion: 

It Is extremely difficult to compare 

these findings with those of Hyde, Cobb, 

Johnson and Weniger* on the 6x30. In 

their field experiment, procedures and 

methods of measurement differed greatly 

from those of the present study, 30 that 

it can only be noted that they report but 

slight gain from binoculars over monoculars 

during daylight, and a greater one at night, 

a finding in conformity with the above. 

Insofar as it is possible to translate 

their night results into increase in range, 

the binocular seemed to give k% greater 

ranges. 

The present results will be of use In 

providing an answer to a problem which has 

faced those engaged in optical design for 

many years:,where limitations are placed 

upon the size and weight of an instrument, 

should a binocular be preferred to a 

monocular, even though the latter may be 

designed with higher magnification, larger 

exit pupil, and greater field size? Given 

the size and weight specifications which 

* Hyde, E. P., Cobb, P. W., Johnson, H. M. 
and Weniger, W. The Relative Merits of 
Monocular and Binocular Field-Glasses. 
Proceedings of the Franklin Institute, 
Vol. 189 No. 1130-lt, February 1920. 
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must toe met, and the optical specifications 

of the monoculars and binoculars vhlch 

vill meet them, prediction can be made of 

the ranges vhich may be obtained vith 

each from the present 10# binocular advan- 

tage, and from data presented later in 

this report on range as a function of mag- 

nification and exit pupil. Considerations 

of cost and maintenance must be held of 

secondary importance. 

Eovever, even though the predicted 

performance of a monocular and a binocular 

may be equal, there still remains a sub- 

stantial, although less tangible, advantage 

for the binocular. As Eyde and his asso- 

ciates reported, and as Eecht has reiter- 

ated*, judgments are made more rapidly 

and vith more assurance when the observer 

is able to use both eyes. No measure of 

these phenomena vas possible in the 

present experiment. Eovever, in the sub- 

jective evaluation of optical instruments, 

as described later, consistently lover 

rates are given to monocular instruments, 

other things being equal. 

In periscope design, the Germans have 

found one solution to this latter problem. 

By the insertion into the optical system, 

at the eyepiece, of a beam-splitter, both 

eyes may be utilized simultaneously, even 

though, the instrument is fundamentally a 

monocular. This device may fce used or 

* June 19*5 AHOSRDVC minutes. 
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taken out of the system according to the 

wishes of the observer using the Instrument. 

When the beam-splitting device is used, 

the brightness of the image on either retina 

is less than half that when the periscope is 

used as a monocular.  Such a decrease should 

produce a loss of range as great as 18# on 

dark nights.* However, part of this loss 

is made up through stimulation of both 

retinas, so that the net loss of range from 

the range of the monocular should be only 

about 10^. The subjective advantage, and 

assurance of the observer in making reports 

is .retained, as in the binocular, but at 

the cost of range, for night observations. 

If the use of such devices can be ;s:n- 

M-ied vith satisfactory Increases in magni- 

fication, exit pupil, and field size, over 

binoculars of the same size and weight, the 

instruments embodying them may be useful 

ones; they are, however, decidedly subject 

to further research. 

Meritorious though they may prove to 

be, such devices should not lead to the 

use of a monocular when it is possible to 

employ a binocular of equal magnifies tier., 

exit pupil and field.  The data are ciesr- 

cut: a binocular has a definite and sut- 

stantial advantage over a monocular for 

night use, and this advantage should r.:t 

be sacrificed to expediency. 

* OSRD 6l£S 

RESULTS:  HAND-HELD BINC;VLARS 

Figures B-15, B-l6 and 3-17 present 

the Relative Range Performance curves for 
the har.d-held binoculars;  Table E-l? gi.--3 

the  corresponding  .50 Relative Range F-=r- 

RESULTS,   PART  II 

60 80 100 120 140 

PERCENT   OF  MEAN   RANGE   OF    HAND    HELD   7X50X7 • BINOCULARS 

THE   RELATIVE   RANGE PERFORMANCE    . 
OF HAND HELD BINOCULARS 

BASED ON THE VISIBILITY OF TARGETS AT NIGHT 
WHFN   VIFWED   BY  OBSERVERS   POSTED ON THE SIGNAL 
BRIDGE   OF   A   DESTROYER ESCORT   TRAVELING    AT 
9 KNOTS 
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Figure B-15. 
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90 100 110 120 130 
PERCENT  OF  MEAN   RANGE  OF HAND  HELD   7 X 50 X 7  ° BINOCULARS 

THE   RELATIVE  RANGE PERFORMANCE 
OF HAND HELD  BINOCULARS 

BASED  ON THE VISIBILITY OF TARGETS AT NIGHT 
WHEN VIEWED BY OBSERVERS POSTED ON THE GUN DECK OF 

A DESTROYER   ESCORT TRAVELING AT 9 KNOTS 

Figure B-16. 

17') RESTRICTED 

Lw 

RESULTS,   PART  II 

100 h 

10 X 50 X7°H.H. 

6  X 42 XI2°H.H. 

-7 X 50 XIO'HJH. 

80 90 100 110 120 

PERCENT OF   MEAN   RANGE  OF   HAND   HELD 7X50X7 "BINOCULARS 

THE   RELATIVE RANGE   PERFORMANCE . 
OF HAND HELD  BINOCULARS 

BASED ON THE VISIBILITY OF TARGETS  IN DAYLIGHT 
WHEN   vfEWED   BY   OBSERVERS   POSTED ON   A  DESTROYER 

ESCORT TRAVELING   AT   12 KNOTS 
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Figure B-17- 
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formajve  (RRF) values. 

IABLS B-19 

THS   . -0 RRF YALUSS FOR RAND-HELD BINOCULARS 

AS DERIVED FROM 

srxyAr»r> RELATIVE RANGE PERFORMANCE CORVES 

KIGHT aiY 
OBSERVATIONS     OBSERVATIONS 

Instrument 
Signal 
Bridge 

Gun 
Ds ok All Decks 

6x!fi.xlic - 95-3 100.0 

7x^0x7° 100.0 100.0 100.0 

?x50xl00 - 103.0 102.5 

SxfcOx;?0 (- Id) 105.5 103.8 - 
S>xc3xS, 7° - 112.5 - 

10x50x7° 106.7 117.0 100.2 

10x70x7° (J ?) 92.0 - - 

Comments (Sight Results); 

(1)    She 10x70x7^ binocular gives anomalous 

results.    This prototype "folded" instrument 

va.s constructed at the Johnson Foundation 

for Medical Physics, and vas not sufficiently 

developed to receive a fair test.     Its 

light  transmission was lev:  .4C.    Designed 

to be vcrr. strapped to the head,  this in- 

strument vas necessarily used as a hand-held 

instrument.    It vas difficult to a.-oid clip- 

ping,  to ireep the  eyes at the ..rcper eye- 

distance,  and to avoid getting cr.e or core 

fingers in front of the  objective lens. 

The  . OCT results obtained should "be dis- 

counted, and the 'possibilities of the de- 

sign should öf  further ex.lorfd. 

(O    There   -;s n: impcrtart ocr.trio„tior, :.- 

range  tj the provision of & wioe field;  :t.< 

Tx^OxlO1' binocular pcrf er-m;  very  close  *.• 

the  7x50x7^. 

(=,)    Tht   tvv samples o-  :.-;.-  cxclx"" 
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binocular are in good agreement. 

(k)    The discrepancy between the results 

on the 10x50x7° binocular obtained at the 

two observation levels Is not easily account- 

able.    These two values,  106.7 and H7.0 

respectively,  may be compared with data ob- 

tained at Brown University,  which show, 

under precise laboratory conditions and at 

a brightness close to that of the moonless 

night sky,  that the 7x50x7    binocular 

gives an average log relative range* of 

2.92, and the 10x50x7° one of 2.96.    This 

difference of  .Ok log units  is approximately 

10£.    The present findings are in agreement 

with those of the laboratory. 

(5)    The effectiveness of magnification in 

increasing range will be discussed later. 

Cements  (Day Results): 

(1) The 6x42x12° aptears to perform m:re 

satisfactorily by day;  it is equal t:  :hT 

standard instrument.    Since the TxJOx"1" 

binocular gives only approximately 11? 

greater range than the naked eye by da;., 

it is not surprising that the öx-^xli" 

binocular shculd perform very close tc  it. 

(2) As at night,   the 7x50xlOc is not oie- 

tinguishabie from the 7x50x7°. 

(3) The 10x50x7c shows r.c advantage :,-=: 

the  7x Cx7v  for daytime use.     This dr:;. -::"f 

in efficiency may be attributable   t:   .•irri- 

tier.. 

(^J    Nc  substantial differences aj,ear ir.rs 

any of the hand-held Instruments. 

riaoi.sslor,: 

Xf.t   lCxröx~*   Mr.ocu.ar  is clearl;-  ".. 

tm  .•:"  this scries of binoculars for r.;v 

us< .    Although it rsy ,fif;rsa;rt  p::r-. 

* A." Ci f-;:., j &•  Br.-vr. fr.ive r?ltv. 
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than the bulky and heavy 9x63x5.7° binocular, 

It has a clear advantage over the 7x50x7° 

binocular which it resembles very closely 

in size, weight, and convenience of handling. 

It is decidedly better in these latter re- 

spects than the 9x63x5.7° binocular. For 

day use, the 10x50x7 equals, although it 

does not excel, the 7x50x7°. This Instrument 

appears to be the most satisfactory for all- 

purpose use as a hand-held instrument, and 

it might well replace the 7x50x7° Instrument 

as standard equipment. 

RESULTS: MOUNTED BINOCULARS: 

Figures B-18, B-19 and B-20 present 

the Relative Range Performance curves for 

the mounted binoculars, and Table B-20 

gives the .50 RRP values. 

Comments (Night Results): 

(1) Discussion of the effectiveness of 

mounts, and of magnification is reserved 

until a later section. 

(2) It Is apparent that the 10x70x7° 

binocular, the NDRC Pilot Model, did not 

perform as well as would be predicted from 

its magnification and exit pupil.  No 

optical characteristics, such as uncomfort- 

able eye-distance, or low Contrast Ren- 

dition, accounts for a performance roughly 

B%  below what might be predicted. 

Comments (Day Results): 

(1) Although curves from only one set are 

pr. stnted in Fig. B-20, the 20x120x3 and 

the 25x100x3.6° binoculars were used in 

two sets, and both values are presented In 

T»ble B-20.  The very large discrepancy 

between the findings on the two sets has 

not yet been accounted for, and cannot 

be attributed to such factors as visibility. 

Tha more valid of the two performances cannot 

be established until, at some later date, 

obwrver-binocular interaction can be pre- 

cisely evaluated.  The group of observers 

RESTRICTED 

yielding the greater .50 RRP values were the 

better trained and more experienced of the 

two. 

TABLE B-20 

THE .50 RRP VALUES FOR MOUNTED BINOCULARS 

AS DERIVED FROM 

SUMMATED RELATIVE RANGE PERFORMANCE CURVES 

NIGHT DAY 
OBSERVATIONS OBSERVATIONS 

Instrument 
Signal 
Bridge 

Gun 
Deck All Decks 

6x42x12° - ** - 

6x50x7° 91.9 - - 

7x50x7° 115.5 - 111.5 

7x50x10° - 105.0 - 

9x63x5.7° - 120.2 - 

10x50x7° 122.3 - 117.5 

10x70x7°(NDRC) 119.5 - - 

10x80x7° 133.0 - 114.0 

20x120x3° - - 133.5 

25x100x3.6° - - 132.5 

20x120x3° 188.0 - 193•0* 

25x120x3.6° 179.9 - 173.5* 

* High figures were obtained with this instru- 

ment with more experienced observers. 

**Data inadequate for plotting. 
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RESULTS:   MOUNTED MONOCULARS 

Figures B-21 and B-22 present the 

Relative Range Performance curves for the 

mounted monocular Instruments,  and Table 

B-21 gives the   .50 RRP values. 

TABLE B-21 

THE .50 RRP VALUES FOR MOUNTED MONOCULARS 

AS DERIVED FROM SUMMATED RELATIVE RANGE 

PERFORMANCE CURVES 

NIGHT 
OBSERVATIONS 

DAY 
OBSERVATIONS 

Instrument Signal Bridge Signal Bridge 

4x28x10° 53.0 97.2 

6x30x8.5° 53.0 - 

6x33x7° * 94.0 

6x33x8° 64.9 "100.0 

16x96x3.2° 117.0 - 
21x76x2.8° 79.8 93.8 

24x96x2.2° 126.2 - 

* Data Inadequate for plotting. 

Comment (Night) : 

(1) The 4x28x10° Instrument is employed in 

a gunsight.  The inferior performance to be 

obtained from a monocular of low power is 

all too evident; the instrument has little 

advantage over the naked eye, which gives 

ranges 40 to 50 percent as great as those 

of the 7x50x7° standard. The 4x28x10° 

monocular is of little merit for night use. 

(2) The 6x30x8.5° and the 6x33x8° instru- 

ments are both prismatic telescopes, employed 

in fire-control instruments. The,6x33x7° 

is a modification of the 6x50x7° binocular, 
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and resembles, as closely as possible, the 

6x33x8° glass. The modifications were: 

(a) obscuration of the left barrel, 

(b) fitting of an annulus over the objective 

lens to reduce its aperture to 33 mm., and 

(c) placement of a piece of plate glass over 

the objective lens in order to reduce the 

light transmission* to that of the 6x33x8°. 

It was desired to compare the prismatic 

telescopes with the more simply designed 

instrument to determine if the ghost images 

observable in the former interfered with 

their performance. 

Neither of the prismatic telescopes 

performs well. Although they give ranges 

some 5056 or better than the naked eye, they 

are substantially poorer than the standard, 

and possess even less merit when compared 

with mounted binoculars of roughly equiva- 

lent power.  It is unfortunate that during 

the sets when the 6x33x7° was tested, the 

visibility was so poor that data quite 

Insufficient for calculation were obtained. 

This is, of course, a token of their poor 

performance, since the 6x33x7° binocular 

gave an RRP of 87.6 on the same runs. 

(3) The 16x96x3.2° telescope and the 

24x96x2.2° telescope are actually a single 

instrument of two powers. By comparing 

the performance of this telescope with that 

of the two high-powered binoculars, certain 

interesting Inferences with respect to the 

* The data of Appendix A show that this was 
not entirely effective; the 6x33x7 still 
had a higher light transmission than the 
6x33x8°. 
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Figure B-21. 
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Figure B-22. 
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DIAMETERS 

.50  RELATIVE  RANGE PERFORMANCE AS 
A  FUNCTION OF MAGNIFICATION 

Flpur.-  B-23. 

IK'i ) Ff.TI I   i'.-^ 

u 

interrelationship of exit pupil and magnifi- 

cation as determinants of range may tie drawn, 

as discussed under "Magnification and Exit 

Pupil." 

(!)) The 21x76x2,8 telescope may be taken 

as a fair sample of a high power nautical 

instrument.  Its performance is poor, and 

this is not entirely attributable to the 

small exit pupil. Another factor is its 

length which, although not so great as the 

24x96x2.2°, may serve as a mechanical lever 

to increase the effect of vibration, which 

is large in a high-power instrument anyway. 

The performance of the 21x76x2.8 telescope, 

RESULTS, PART II 

like that of the 10x70x7° mounted binocular, 

must be further analyzed before it is pos- 

sible to assess its merits. 

Comments (Day Observations): 

(1) As expected from the small binocular 

advantage in daylight, the monocular instru- 

ments perform relatively better by day than 

by night. 

(2) The 21x76x2.8 performs more poorly 

than expected by day as well as by night. 

This is again an anomolous result indicat- 

ing that this instrument must be more care- 

fully evaluated. 

MAGNIFICATION AND EXIT PUPIL 

Although not originally selected for 

the purpose, it was possible to arrange 

some of the binoculars into a series with 

nearly constant field size and exit pupil, 

but of increasing magnification. Such a 

series provides a basis for the evaluation 

of the contribution made by magnification 

to the relative range performance of the 

instrument. 

Figure B-23 presents the .50 RRP 

Plotted against the magnification of these 

Instruments for hand-held, night, and for 

mounted Instruments, day and night use. 

The great range of exit pupils among the 

monoculars, and the small range of magni- 

fication of the hand-held, day series pre- 

vented their Inclusion in the figure. 

Straight lines describe adequately the 

relationships observed.  The equations of 

««-• lines on Fig. B-23 were obtained by the 

n.-thod of least squares, and are as follows: 

M TRIOTED 

(a) Hand-held binoculars, night use 

.50 RRP = 4.3 M + 70.4 

(b) Mounted binoculars,  night use: 

.50 RRP = 6.5H+ 59-7 

(c) Mounted binoculars, day use: 

.50 RRP = 4.6M + 76.0 

In these equations, M is the magnification 

and .50 RRP the most probable relative range 

performance. 

The fit for mounted binoculars, day use, 

Is questionable, in view of the discrepancy 

in the results obtained from two sections of 

observers with the high powered instruments. 

In drawing the figure and deriving the equa- 

tions, the lower values were not considered. 

Discussion: 

Although the exit pupils of the binoc- 

ulars whose .50 RRP13 were plotted together 

varied from 4.0 to 8.5 mms., this variation 

appears to produce very little deviation 

from the performance predicted on the basis 
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of magnification alone, except in the case 

of one Instrument with an exit pupil as 

small as k  mm.: the 25x100x3.6°. Within 

the limits of magnification on the illus- 

tration, k  to about 20, Relative Range 

Performance may he accepted as a linear 

function of magnification, provided that 

exit pupil is 5.0 mm. or greater. This 

is in accord vith the results of the 

Dartmouth experiments on har.d-held binoculars 

of magnifications -up to ten (0S3D Ho. M33). 

Eovever, the equation vhicn approximately 

describes those findings has a slope constant 

of 14.3, indicating the effect of magnifica- 

tion on range to be more than three times 

greater than that obtained in the field. The 

experiments on binoculars at Brown, on the 

contrary, yielded diminishing returns with 

binoculars of higher magnification under 

equivalent levels of brightness. 

At night the advantage of Increased 

power is greater for mounted instruments 

than for hand-held ones. This is a rather 

meaningless finding, since high-power ins- 

truments of sufficiently great exit pupil 

are necessarily mounted, because of their 

size and weight. It is, however, in agree- 

ment with what might be predicted from the 

greater effect of vibration during the day- 

time, and on hand-held Instruments. 

It may be concluded that high power is 

decidedly advantageous in an instrument 

for night, and less so for day use. Mag- 

nification may be as high as is consistent 

with the expected conditions of the Instru- 

ment s use, with the requirements of main- 

taining exit pupil diameter at a satisfactory 

magnitude, and with providing an adequate 
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field. Other things being equal, instruments 

of higher magnification perform as well or 

better than instruments of lower magnifi- 

cation, under all circumstances studied. 

Exit Pupil 

Figure B-24 presents the RRP curves of 

two series of instruments varying in exit 

pupil diameter.  The .50 RRP values are 

given in Table B-22. All these data were 

obtained during the night observations, 

since the short time available did not 

permit Inclusion of such series in the day 

observations. By day, large exit pupils 

should yield either no effect, because of 

the contraction of the pupils of the observ- 

er's eyes, or an adverse one because of the 

greater amount of light introduced Into 

the Instruments, which might be expected 

to reduce Contrast Rendition.« 

TABLE B-22 

THE .50 RRP AS A FUNCTION 

OF EXIT PUPIL DIAMETERS 

OF MOUNTED BINOCULARS 

Exit Pupil Diameters 
In Millimeters 

6-Power 
Binocular 

10-Power 
Binocular 

5.0 - 122.3 

5.5 88.0 - 

7.0 92.5 119.5 

8.0 - 133.0 

8.3 91.9 - 

From Fig. B-ZU,   it is evident that 

some advantage is gained in performance 

* It Is of interest to note that the German 
25x100x3.6° and the 10x80x7° instruments were 
fitted, not only with long sunshades, but 
also with objective stops which reduced the 
exit pupil diameter considerably. 
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Figure B-21. 
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with large exit pupils, but these gains 

are not so great as might have been ex- 

pected. No conclusion can be made on the 

effect of increasing exit pupil beyond 

7 mm. Further analysis of the present data 

may lead to more decisive results in this 

respect. 

Relative Contribution of Magnification and 

Exit Pupil: 

Some estimate of the combinations of 

magnification and exit-pupil diameter which 

prove best for performance, and of the 

balance between the two variables which 

should be maintained, may be obtained from 

the three comparisons of Table B-23. In 

each pair of instruments which is compared, 

an increase in magnification is associated 

with a decrease in exit-pupil diameter, and 

with in two cases, increasing, and, in one 

case, decreasing performance as measured 

by .50 RRP. 

From these comparisons, it may be 

inferred that, when choosing between two 

instruments which differ in both magnifica- 

tion and exit-pupil diameter, the Instrument 

of higher magnification Is to be preferred 

provided that it has at least 33# greater 

linear magnification, and not less than 

67%  of the exit pupil diameter of the other. 

Thus, an 8x60 would be preferred to a 10x40, 

since the latter has only 25# greater magni- 

fication, with a 33# loss in exlt-pupll; 

but not to a 12x48 which has, with the same 

loss In Exit pupil, an Increase of 50$ in 

magnification. The data on which this 

rule of the thumb is based are not conclus- 

ive, but it seems to hold for Instruments 

NAVORD REPORT 77-1)6 

TABLE B-23 

ESTIMATE OF RELATIVE CONTRIBUTION OF 

EXIT PUPIL AND MAGNIFICATION TO .50 RRP 

Instrument 
Pair 

7x50x7° 

10x50x7° 

16x96x3.2° 

24x96x3.2° 

20x120x3° 

25x100x3.6° 

Decrease 
Increase in Exit 

in     Pupil    Change in 
Power   Diameter .50 RRP {%) 

43. 

50# 

25# 

29* 

33* 

33# 

app. + 10 

with exit pupils falling in the range 4-8 ma. 

General Discussion: The general conclusion 

from the results presented is that: 

(a) other things being equal, increases in 

magnification are accompanied by propor- 

tional increases in range, up to a magnifi- 

cation as lea3t as high as 20x, and (b), 

other things being equal, gains in range nay 

be obtained by increasing exit pupil up to 

8 mm. The best combination of magnifica- 

tion and exit pupil for an instrument must 

be based on the requirements of size and 

weight, with the highest values of both 

as the optimal, and with the rule of thunb 

reported above as a rough guide. 

It Is unfortunate that at the time dur- 

ing which the field tests were run, a wider 

variety of instruments could not be teste a. 

Inclusion of such an instrument as the 

Japanese two-powered 22^x30x180, with its- 

unique combination of high power and 

large exit pupil, would have been helpful. 
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RESULTS,   PART  II 

BINOCULAR MOUNTS AND VIBRATION 

The problem of vibration of an optical 

instrument is a complex one.   It arises from 

both the unsteadiness of the platform en 

which observer and instrument are placed and 

the tremor of the observer's body.    Its 

effect is Increased by the optical leverage 

entailed through the magnification of the 

instrument and by the mechanical leverage 

produced by the length of the barrel of the 

instrument. 

Vibration has often been considered to 

set a sharp upper limit to the useful mag- 

nification of an instrument.    The displace- 

ment of an image on the retina of the eye 

by vibration Increases in direct proportion 

to magnification.     This displacement in- 

creases the effective area of an Image, 

lessens its contrast,  and so reduces 

Its visibility. 

Presumably,  any type of mount which 

will reduce vibration should effectively 

increase the RRP of binoculars;  even 

though the mounts transmit vibration of the 

vessel to the binocular,   they will elim- 

inate- some body tremor.    A mount designed 

so that mediated vibration of the platform 

is damped as effectively as possible should 

still further reduce vibration and improve 

performance. 

Results: 

Table B-24 presents  the   .50 RRP results 

for night observations for the 7x50x7 

binocular,  utilizing three types of mounts, 

and Table B-25 presents the data on the 

other binoculars which were employed both 
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hand-held and with the standard Mark 51 

director mount, or with the Mark V alidade, 

which give equivalent results. 

These tables show that substantial 

benefit is to be obtained from mounting 

binoculars, and that greater benefits are 

obtained by the Instruments of higher mag- 

nification. The range increase is of the 

same order of magnitude both by night and 

by day. 

Table B-24 may be compared with the 

data obtained by NDRC at Brown University. 

Their findings, presented In Table B-26, 

were obtained at a higher brightness, but 

in the absence of a vibrating platform. 

Field results and laboratory findings are 

in close conformity. 

In the day runs, mounting the 7x50x7° 

binocular yielded a .50 RRP of 111.5, which 

may be compared with a relative range of 

TABLE B-24 

THE .50 RRP OF THE 7x50x7° BINOCULAR 

WHEN USED WITH STANDARD MOUNT, 

ANTI-VIBRATION-MODNT (VFA), 

HAND-HELD AND HAND-HELD RESTED 

Night        Day 
Observations Observations 

Instrument 
and Mount 

Signal 
Bridge Aj-x DGCJVG 

7x50x7° HH 100.0 100.0 

7x50x7° HHR 115.5 - 

7x50x7° MTD 115.5 111.5 

7x^0x7° VFA lit. 8 111.6 
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TABLE B-25 

THE  .50 RELATIVE RANGE PERFORMANCE VALUES 

OF HAND-HELD AND MOUNTED INSTRUMENTS 

Instrument 

7x50x10° 

9x63x5.7° 

10x50x7° 

HH 

NIGHT OBSERVATIONS 

Signal Bridge Gun Deck 

:atlo 
MTD 

DAY OBSERVATIONS 

All Decks 

MTD 
Ratio 

MTD/HH   HH 
Ratio 
MTD/HH HH 

Ratio 
MTD        MTD/HH 

106.7      122.3 1.15 

* A report on sample binocular serial 
#6268 Mark I, Mod. 2., Medical Research 
Department. U.S. SubBase, 23 July,  1943. 

**    It vas,  unfortunately,  not possible 
to measure quantitatively the vibration 
obtained; equipment for this purpose wa3 
not obtainable. 

103.0    105.0        1.02 

112.5    120.2        1.07 

100.2      117.5 1.17 

121.0, vhich vss obtsined in daylight field 

tests on land early in 19*3.* 

High Speed Runs: 

In order to evaluate mounts more rigor- 

ously, tvo 6 run night sets, during which 

the Destroyer-Escort traveled at 17 knots, 

were made. This speed vas considered by 

the officers of the vessel to be that at 

which vibration vas a maximum.** Tvo in- 

struments and four types of mounts vere 

•used in these sets: 

7x50x7° HH 

7x50x7° HHR 

7x50x7° Mounted 

7x50x7° Vibration-free alidade 

10x50x7° HH 

10x50x7° Mounted 

The 10x50x7° vas chosen as the second 

instrument because it had seemed superior to 

the 7x50x7° in previous sets at 9 knots. 

It vss desired to determine whether this 

superiority vould be maintained with greater 

TABLE B-26 

RATIO OF RELATIVE RANGES OF ALIDADE- 

MOUNTED INSTRUMENTS TO HAND-HELD 

INSTRUMENTS AT BRIGHTNESS OF 7.1" LOG MICRO- 

MICRO-LAMBERTS WITH 100?; CONTRAST 

(BROWN UNIVERSITY) 

Instrument 

7x50x7° 

10x50x7° 

10x70x7° 

Ratio 

1.05 

1.13 

1.08 

vibration, 3ince many experimenters* have 

considered that vibration vould render binoc- 

ulars of magnification greater than 8 or 9 

less efficient. 

The same set of instruments and mounts 

vere tested in four other sets run at 

approximately the same time at standard 

speed (9 knots). 
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* See Shober, Herbert (The Best Correlation 
Betveen Enlargement and Pupillary-Diameter 
for Hand-Held Binoculars for Night Use) 
LP/l-50, n.d., and also Hartline, H. K. 
Paper forthcoming in the Minutes and Pro- 
ceedings of the 16th Meeting of the Army- 
Navy-NRC »Vision Committee, June 1946. 
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TABLE B-27 

THE  .50 RRP OF TWO BINOCULARS,   HAND-HELD 

AND MOUNTED,  AT TWO SPEEDS.    "ALL DATA 

COLLECTED OK SIGNAL BRIDGE AT NIGHT. 

Instrument 9 Knots 17 Knots 

7x50x7° HH 100.0 100.0 

7x50x7° HHR 115-5 122.3 

7x50x7° MTD 115.5 120.1 

7x50x7° VFA 114.8 125.0 

10x50x7° HH 106.7 112.8 

10x50x7° MTD 122.3 144.7 

Results: 

Figure B-25-gives the RRP curves of the 

four sets run at 9 knots, with vhich have 

been combined those from other sets where 

this was possible, and also those at 17 

knots. The data are summarized in Table 

B-27. 

The increase in .50 RRP of the 10x50x7 

binocular in the presence of greater vibra- 

tion may be caused by a decrease in the per- 

formance of the standard 7x50x7°. To check 

this, a careful comparison of the absolute 

ranges obtained on the 9-knot runs was made 

with those obtained on the 17-knot runs; 

using the three discriminations on Target 3- 

After the correction for visibility (described 

elsewhere) had been applied, It was found 

that the 10x50x7° yielded the same ranges 

at both speeds, while the 7x50x7° lost from 

10# to 30# in range (depending on the tar- 

get) at the higher speed. On the reasonable 

assumption that the 7x50x7° performed rela- 

tlvely more poorly with vibration, and that 

the 10x50x7° binocular was not affected, 

Table B-28 was computed from Table B-27 vith 
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the 10x50x7° HH binocular used as a standard 

instead of the usual 7x50x7°*. 

When this transmutation has been made, 

the results become clearer: the hand-held- 

rested, and the mounted 7x50x7°, and the 

hand-held 10x50x7° yield approximately 

the same ranges at high speed as at low. 

The vibration-free alidade (Eastman's Anti- 

Vibration Mount), and the mounted 10x50x7° 

perform better in the presence of greater 

vibration. This result is at variance with 

laboratory predictions, and may lead to the 

suprlslng conclusion that low-power instru- 

ments suffer more from vibration than do 

high-power instruments. 

Magnification and Vibration: A check on 
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TABLE B-28 

THE .50 .RRP OF TWO BINOCULARS, HAND-HELD AND 

MOUNTED, AT TWO SPEEDS.  BASIC 100# RANGE, 

CONVERTED FROM 7x50x7° TO 10x50x7° 

BINOCULAR 

DATA COLLECTED ON SIGNAL BRIDGE AT NIGHT. 

Instrument 9 Knots 17 Knots 

7x50x7° HH 93.7 88.7 

7x50x7° HHR 108.2 108.4 

7x50x7° MTD 108.2 106.5 

7x50x7° VFA 107.6 110.8 

10x50x7° HH 100.0 100.0 

10x50x7° MTD 114.6 128.3 

* Such direct transmutations are, strictly 
speaking, only possible when data on exact- 
ly the same discriminations enter into each 
of the curves combined. In this case, the 
basic instrument may be shifted at will. 
Where the discriminations differ, a slight 
error is introduced If other than the 
7x50x7° HH is used as standard.  This error 
is small, and should not produce mislead- 
ing results. Its presence must, however, 
be acknowledged. 
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TABLE B-*? 

Ilffi  .'iO KRl? OF TKRKS HAND-HSLD 

MKOCULARS AT TWO SPEEDS 

ALL EÄ.TA COLLECTED OK ÖUK DECK AT NIGHT 

lÄ»trMJS<?at j) XUOtS 17 Shots 

100.0 100.0 

103.0 9äf.r 

•i^.,5 SO.5 

tals findiaf is &v&ii&'Me la the sets run 

slltulSAseovjslj' oa tie £Tä deci. vhere the 

öxWxl^* Mnccul«.? v&s ooiri-.s.red vith the 

7x:-0xl0^ &rd the "x^Ox"". all hsr.d-held. 

TA>« "results cf these sets are shcvr. ia 

F:v<    S-Oi. &r;Ä tr. Table 3-;o. 

Tfct ssjn.pl* &t 1" tetrs is snail.    She 

~x~*SxIC<  atjves.'rs  tc j>erfern. a.jrrcxiEstely 
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it may be observed when quite unnoticed in 

the lower-power binocular.     In many psycho- 

logical experiments it has been observed 

that subjects required to give a performance 

under a basal condition,  and under an ad- 

verse one  (ie.g.,  against a background of 

noise or similar distraction,   in extrene 

fatigue,  or other unsatisfactory physical 

conditions) will very often give a perform- 

ance equal to or better than that given 

under the basal condition.    This is pas- 

sible by virtue of greater effort,  with 

full or over-compensation for the distrac- 

tion.    It is suggested that this effect 

accounts for the findings in the present 

experiment:  the more noticeable the Titra- 

tion,  the more the observers vere stimulated 

tt compensate fcr it.    Vhere ritrstitn vs.; 

less ncticesble,  perhaps less efftrt.   :r 

vill be effective at all tijses vith rtut't.^ 
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Comment: From all these results it may 

be concluded that substantial benefits are 

to be gained from the provision of effective 

mounts for binoculars. Increases in range 

of the order of 10-20# are possible if a suit- 

able mount is provided, and the gain is 

greater for higher-povered Instruments.  Still 

further benefits should be gained from fur- 

ther development of special vibration-suppres- 

sing mounts, such as the Eastman Kodak 

Anti-Vibration Mount used here. 

This vibration-free alidade* was the 

* Chandler, J. S. Binocular Ant1-Vibration 
Mount, Eastman Kodak NDRC Contract OEMsr-392, 
August 27, 19*5, 15 PP- 
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only one available, but it 13 deficient in 

certain respects. It is installed within a 

housing behind a glass window, so that the 

light transmission of the system is less than 

it might be. The mechanical suspension is 

complex, and the Instrument, In its present 

form, probably is not sufficiently substan- 

tial to stand up under conditions of opera- 

tional use.  Development of a more practical 

vibration-free mount is in order. 

There remain certain phenomena with 

respect to the performance of low-power in- 

struments in our high-speed data which should 

be further investigated. 

FIXED FOCUS 

The use of the fixed focus for binocu- 

lars has been extensively studied throughout 

the late war, not only in the United States, 

but also in allied and enemy countries. 

Hay binoculars be built with a fixed focus, 

and if so, at what focus should they be 

fixed for day, and at what for night use? 

The consensus of expert opinion is in 

favor of a focus of —3/* or -1 diopter for 

both night and day use. This is based upon 

acceptance of 0 diopter as average setting 

for the emmetropic eye under high levels 

of illumination, and of -1 diopter for night. 

The -German 8x60x9° binocular which was 

employed in this experiment was fitted with 

a water-tight locking screw which provided 

for adjustment and locking of an internal 

focus. There is no scale setting for focU3 

This made it impossible to allow each sub- 

ject to adjust the instrument to his own 

best focus, and consequently, it was de- 

cided to fix the adjustment at -1 diopter 

at the Submarine Base Optical Shop, and to 

use the instrument with a fixed focus. 

Through the trials in September, the 8x60x9° 

was used in this manner. 

The acquisition of a second 8x60x9° 

binocular made possible control tests for 

the effect of this fixed focus, so that the 

8x60x9° might be evaluated independently of 

the fixed focus, and so that results might 

be obtained permitting the evaluation of 

the 6x33x8°, 6x1(2x8°, and 6x50x8°, and the 

*x27xl2° monocular, which were also fixed- 

focus instruments (—3A diopter). 

Four three-man sets were run twice each 

at night on a comparison of the 8x60x9 «lth 

fixed focu3 at -1 and at -2 diopters* 

with the standard 7x50x7°.  Observations 
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* -2 diopters were used as the second fixed 
focus rather than 0 diopter in view of the 
negative focuses generally obtained by 
the observers, who rarely set a day focus 
at 0. 

FECrKKTEt 

vere made from the gun deck. 

Results: 

The .50 RRP results of these set3 (Fig. 

B-27) were 103.8 for the 8x60x9° (-Id) and 

105.9 for the 8x60x9  (-2d), the ratio of the 

latter to the former being 1.02. 

Only a slight difference appears between 

the two fixed focuses; this difference may be 

attributed to sampling. 

Further Analysis:  Since it was desired to 

investigate the relationship of fixed focus 

to the Individual's own focus, a further 

analysis was made.  The ranges of all dis- 

criminations of each observer for the 8x60x9 

(-Id) and for the 8x60x9 (-2d) were averaged 

separately, and the mean difference and the 

reliability of the difference computed.  In 

order to obtain the latter measure, it was 

necessary to calculate the correlation be- 

tween the range for each discrimination ob- 

tained with one binocular with that obtained 

with the other binocular on both sets of runs. 

This yielded, as a by-product, a measure of 

the reliability of observations made by each 

observer since the data for each observer 

vere obtained under comparable conditions of 

visibility. 

The results of this analysis for each of 

13 observers (1 man substituted for another 

In one section for one complete set) are pre- 

sented in Table B-30, together with each man's 

average night focus for several different bi- 

noculars. 

The first finding is that the average 

results embodied in the .50 RRP obscure the 

-2 diopters were used as the second fixed 
focus rather than 0 diopter in view of the 
negative focuses generally obtained by the 
observers, who rarely set a day focus at 0. 

RESULTS, PART II 

actual performance of each observer 

with the two fixed focuses.  These observers 

differed radically among themselves in their 

relative performances with the two glasses. 

Although, on the average (ao calculated 

this way), the mean range within the -2 

diopter fixed focus was greater by only 3^#, 

different individuals gained as much as 33# 

with the -2 diopter setting, or lost as 

much as 12&S. All differences In mean in- 

dividual range as great as 5$ are highly 

reliable. 

The findings on fixed focus thus de- 

pend on selection of the individuals in 

the group tested.  In this case, the group 

seems to contribute a fairly representative 

sample of the population. Slight relation- 

ship, if any, exists between the focuses 

chosen by the individuals themselves, and 

the fixed focus at which they perform 

better. If anything, the evidence indicates 

that those performing better in the -2d 

setting prefer on the average a less nega- 

tive setting (-1.1 diopter) than do those 

performing better with the -Id (who prefer 

-1.3 diopters). The sample is too small, 

however, to permit final conclusions to be 

drawn. 

Reliability of Observations: From the coef- 

ficients of correlation between observations, 

it is evident that these observers, under 

comparable conditions, reproduce ranges re- 

markably closely. Examination of the raw 

data shows that the high reliability coef- 

ficients are not artefactual in nature, but 

Indicate that one can predict with some ac- 

curacy from one performance another made 

under comparable conditions.  This is true 
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TABLE B-30 

THE PERFORMANCE OF 13 OBSERVERS ON HAND-HELD 8x60x9° BINOCULAR. 

WITH FOCUSES FIXED AT -1 AND -2 DIOPTERS 

Night Focus  Mean Range, All Dlsorlmi- 
No.   (Diopters).     nations, Both Runs. 

Discrimi- Both Eyes,All   Focus Fixed at: 
Observer* nations   Binoculars   -1 Diopter -2 Diopters Dlff. %     r 

•  Si 2i -1.0' 4509 5670 1161 125 .93 76.90 <.00..01 

Br IS -1.0 3139 4186 1047 133 .89 35.90 <.00..01 

Fa Ü -1.0 1754 2286 532 130 .63 19 .,10 <.00..01 

Co IT -1.4 2154 2455 301 114 .98 43.00 <.00..01 

St l4 -1.3 2712 2846 134 105 .85 5.30 <.001 

Ve l4 -1.3 2436 2421 -15 99.5 .68 0.10 >.10 

Vd 22 -1.9 2755 2621 -134 95 -93 11.00 <.00..01 

Sa 14 -1.0 2776 2635 -141 95 .92 8.80 <.00..01 

La 21 -1.7 5524 5356 —168 97 .88 8.90 <.oo..01 

Sg 22 -1.4 2445 2231 -214 91 .84 13.40 <.00..01 

Bs 18 -1.3 4007 3499 - 508 86 .95 24.90 <.00..01 

Ha 18 -1.0 5209 4623 -586 89 .90 27.00 <.00. .01 

Ph 21 -1.3 4870 4253 -617 87.5 .90 29.50 <.00..01 

Average 103.5 

* Ranges of individuals may not be directly compared because of differences in visibility. 

** The range obtained with -Id fixed focus is correlated with that obtained with -2d 
in the same set. 

*** iipii ia the probability that the difference found would occur by chance. 

despite the occasionally large differences 

between the binoculars, which are evidently 

systematic ones. These data are, unfortu- 

nately, the only data which offer so neat 

an opportunity to measure the reliability of 

observations directly. 

jiErw   ItEoitj 

Many binoculars, such as the 7x50x10° 

Instrument, incorporate head rests. These 

have two functions: the first to maintain 

the eye at the proper eye-distance (although 
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this Is equally well effected by the use of 

narrow cylinders affixed to the eyepiece 

which extend the tube of the binoculars the 

proper distance); the second to provide pro- 
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tection against wind and glare from the 

Side. For several reasons, It was judged 

advisable to run comparative series with and 

without head rests.  (1) The Bureau of Ord- 

nance considered the usefulness of head 

re3ts sufficiently promising to include 

them in its statement of problems.  (2) The 

7x50x10° binocular, which is equipped with a 

head re3t owing to the critical eye relief 

of this instrument, was delivered late, and 

consequently had to be used unaltered in the 

September night series. Since other hand- 

held binoculars were not so fitted, it was 

deemed necessary for a fair comparison to ob- 

tain results on the 7x50x10° without head 

rest but with simple cylindrical adaptors 

fitted to eyepiece to maintain the proper 

eye-relief.  (3) Finally, critical eye-dis- 

tances, and the general structures of some of 

the monoculars, and of such high-powered bi- 

noculars as the 10x80x7°, the 25x100x3.6°, 
o 

and the 20x120x3 required that they be fit- 

ted and used with eyecups or head rests*, 

and a measure of the efficiency of head 

rests was necessary if the instruments were 

to be compared as instruments, irrespective 

of such fundamentally irrelevant fittings. 

Because of these considerations, a di- 

rect study of the effects of head rests was 

made. Eight 3-run sets of night runs were 

performed on the gun deck, comparing the 

7x50x10° fitted with a head rest, the 

7x50x10° fitted with the adaptors, and the 
o 

7x50x7 binoculars. 

The resulting RRP curves, together with 

* These head rest3 differed, but not sub- 
stantially, among themselves. All were com- 
fortable, and all provided for ventilation 
so that fogging of the eye-piece lens would 
not occur. 
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TABLE B-31 

THE   .50 RRP OF THE 7x50x10° HAND-HELD 

BINOCULAR USED WITH AND WITHOUT HEAD REST 

— 

Observation 
Position 

With 
Head 

Without 
Head 

and Group Re3t Rest Ratio 

Gun Deck (same 

observers) 103.9 103.5 1.001» 

Gun Deck (all 

observers) - 103.0 N 

1 
Signal Bridge 
(all observers) 101.5 X 

^0.986 
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that of the 7x50x10    HH (head rest) from its 

September trials on the signal bridge,  are 

given in Fig.  B-28.     The values are summar- 

ized in Table B-31. 

The differences between the Instruments 

are minute and not statistically significant; 

they may very probably be attributable to 

sampling error.    Certainly this is  true if 

the differences in the 7x50x10° HH (head 

rest)   .50 RRP1 s obtained on the gun deck and 

signal bridge. 
It is interesting to compare the sub- 

jective evaluation scores of the 7x50x10° 

binocular used with and without head rest 

(see page 209):    On  the whole,   the men 

prefer the binocular with the head rest. 

This was not by any means true for all the 

men;   some definitely preferred the 7x50x10° 

without the extra equipment.     It has not 

been possible to analyze the data of each 

individual in order to determine whether 

substantial differences among individuals 

exist in the performance obtained,  as was 

found with fixed-focus  Instruments.     Such 

RESTRICTED 
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TABLE B-32 

RATIO OF RELATIVE RANGE OBTAINED WITH 

HEAD REST TO RELATIVE RANGE OBTAINED 

WITHOUT HEAD REST 

(BROWN UNIVERSIT* DATA) 

Brightness Level 
(in Log Micro-  Contrast 

Instruments Micro Lamberts)    % Ratio 

7x50x7° 

9x63x5.6° 

9x63x5.6° 

10x70x7° 

10x70x7° 

10x70x7° 

6.6 

5.6 

6.6 

5.6 

5.6 

6.6 

i»o 0.81)1* 

100 0.985 

no 0.973 

100 1.000 

i»0 1039 

no 0.997 

differences might well be found to corres- 

pond with differences in general head- 

structure which affect the fit of the head 

rest to the individual. Of the 13 observers. 

the fit was good for seven of them. 

These results on head rests are not 

dissimilar to those obtained by NDRC at 

Brown University (OSRD Report No. 6128). 

Those data (Table B-32) yield, at higher 

brightnesses, ratios closely comparable 

with the present 100.1» obtained at star- 

light levels. 

Since the 7x50x7° data in Table B-32 

are considered dubious (page 56, OSRD Re- 

port No. 6128), the two studies are in 

good agreement. 

Head rests, then, are of extremely lim- 

ited advantage, so that data on binoculars so 

equipped may be compared directly with those 

not so equipped. The head rest, although ap- 

parently helpful, may be dispensed with, ex- 

cept where it is necessary to maintain proper 

eye-distances. 

SEARCH 

The results on search for the submarine 

and the SC are not so complete as those on 

the examination of the other targets.  This 

is the consequence of the fact that on a few 

nlght3 it wa3 not possible to station target 

vessels when, owing to the complexities of 

scheduling, several sets of runs might be 

being made  As a result, the number of 

sets on which search data are complete Is 

very restricted indeed. 

It had been anticipated that the data 

on sighting the fort to the first two cri- 

teria of seeing would serve as supplementary 

search data, since the observers could not 

be certain of the location in which either 

the fort, or the target vessels would first 

RESTRICTED 

appear, except that it would be within a few 

degrees of the bow. This expectation seemed 

to be verified by the RRP curves on discrimi- 

nations 1-G and 1-100, which resembled the 

search curves closely. However, further 

examination of these same data showed that 

in every set, on one or more runs, one or 

more observers made these discriminations 

so soon after the beginning of the run as 

to make it probable that they were not 

made at maximum range. Therefore, these 

discriminations have not been studied. 

The data on search are thus restricted in 

number, and are definitive only in the 

case of the binoculars of high magnifica- 

tion on which they are practically as com- 
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plete as the standard results. The data 

are limited in their application, too, 

because the necessities of ship handling 

controlled the size of the region in 

which the target vessels first could appear, 

so that only a small sector some 20° in 

width needed to be searched. Consequently 

it is possible that wide-field instruments 

did not show to full advantage. 

TABLE B-33 

. 50 RRP RESULTS ON SEARCH PROBLEM AND FOR 

EXAMINATION OF OTHER TARGETS ON THE SAME 

RUNS BY THE SAME OBSERVERS 

Instrument 

Sub-    ; 
marine 
Search 

All- 
Target 3- 

3ame Runs 
and Ob- 
servers 

SC 
Search 

All 
Targets— 
Same Runs 
and Ob- 

servers 

Hand-Held Blnocula rs 

7x50x7° 100.0 100.0 

10x50x7° 93.2 118.3 

Mounted Binoculars 

7x50x7° HHR 94.2 111.8 

7x50x7° 98.0 109.2 

7x50x7° VFA 84.8 106.7 

10x50x7° 96.8 116.0 

10x80x7° 116.8 117.8 110.7 139-5 

20x120x3° 126.0 182.0 119.3 187.5 

25x100x3.6C ' 108.1 201.0 117.8 171.6 

Mounted 
Monoculars 

16x96x3.2° 95.0 115.0 100.7 116.7 

21x76x2.8° 91.4 85.3 91.3 80.8 

24x96x2,2° 104.2 131.4 102.3 119.0 

RRP3 =  .239 RRP + 72.9 

Rt'3Ults:      .50 RRP: 

Table B-33 gives  the  .50 RRP's for 

hand-held binoculars,  mounted binoculars, 
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and mounted monoculars respectively, for 

search, and for the standard targets on the 

same observers and same runs. Figures B-29, 

B-30 and B-31 give the corresponding RRP curves. 

These data show a very great reduction 

of the differences among instruments. With 

a possible exception, all tend to yield the 

same ranges and previously striking differ- 

ences among instruments shrink. Since the 

higher powered instruments had smaller 

fields, this may indicate that the usual 

advantage of a higher powered instrument is 

lost because of its small field. The one 
o 

exception, the 10x80x7 had the largest 

field, which reinforces this suggestion. 

However, the instruments still differ- 

entiate themselves with respect to power, 

and their performance on search is, in 

general, proportional to their performance 

on the other targets. This is shown in 

Fig. B-32, in which RRP (search) is pre- 

sented as a function of RRP. The equation 

of the rectilinear fit (method of least 

squares) is 

.50 RRPsearoh = -239 x (.50 RRP) + 72.9 

Results: Mean Ranges: 

Table B-34 gives the mean" ranges ob- 

tained with the standard instrument for 

sightings of the submarine and the sub- 

chaser. The mean "100$" range or. the 

submarine, 3085 yards, may be compared with 

a mean of 86 sure sightings of a fleet-type 

submarine which was reported by Comdr. 

D. R. E. Brown to be 2610 yards. The dis- 

crepancy is not great, and it is suggested 

that the criterion of "sure sighting" 

employed by Comdr. Brown's small group of 
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Figure B-3±. 
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plete as the standard results.    The data 

are limited in their application,   too, 

because the necessities of ship handling 

controlled the 3lze of the region in 

which the target vessels first could appear 

so that only a small sectpr some 20° In 

vidth needed to he searched.    Consequently 

it is possible that wide-field instruments 

did not show to full advantage. 

TABLE B-33 

. 50 RRP RESULTS ON SEARCH PROBLEM AND FOR 

EXAMINATION OF OTHER TARGETS ON THE SAME 

RUNS BY THE SAME OBSERVERS 

Instrument 

Sub- 
marine 
Search 

All- 
Targe ts- 
Same Runs 
and Ob- 
servers 

sc 
Search 

All 
Targets— 
Same Runs 
and Ob- 
servers 

Hand-Held Binoculars 

7x50x7° 100.0 100.0 

10x50x7° 93.2 118.3 

Mounted Binoculars 

7x50x7° HHR 9^.2 111.8 

7x50x7° 98.O 109.2 

7x50x7° VFA 81.8 106.7 

10x50x7° 96.8 116.0 

10x80x7° 116.8 117.8 110.7 139.5 

20x120x3° 126.0 182.0 119-3 187.5 

25x100x3.6C 1 108.1 201.0 117.8 171.6 

Mounted 
Monoculars 

16x96x3.2° 95.0 115.0 100.7 116.7 

21x76x2.8° 91A 85.3 91.3 80.8 

2'(x96x2.20 10^.2 131.* 102.3 119.0 

RRPS = .239 RRP + 72. 9 

Rt'oults:  .50 RRP: 

Table B-33 gives the .50 RRP's for 

hand-held binoculars, mounted binoculars, 
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and mounted monoculars 

search, and for thefijtandali 

same observers and 

B-30 and B-31 give 

These data show al! 

of the differences 

a possible exception, Al 

same ranges and previously^ 

ences among instruments 3hr 

higher powered Instruments 

fields, this may indicate that thjeSujaS 

advantage of a higher powered instrument 

lost because of its small field. The one" 

exception, the 10x80x7 had the largest 

field, which reinforces this suggestion. 

However, the Instruments still differ- 

entiate themselves with respect to power, 

and their performance on search is, in 

general, proportional to their performance 

on the other targets. This is shown in 

Fig. B-32, in which RRP (search) is pre- 

sented as a function of RRP. The equation 

of the rectilinear fit (method of least 

squares) is 

.50 RRPsearch = -239 x (.50 RRP) +72.9 

Results: Mean Ranges: 

Table B-31) gives the mean" ranges ob- 

tained with the standard instrument for 

sightings of the submarine and the sub- 

chaser. The mean "100$" range or. the 

submarine, 3085 yards, may be compared with 

a mean of 86 sure sightings of a fleet-type 

submarine which was reported by Comdr. 

D. R. E. Brown to be 2Ö10 yards. The dis- 

crepancy is not great, and it is suggested 

that the criterion of "sure sighting" 

employed by Comdr. Brown's small group of 

 •""»•- 
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THE  RELATIVE  RANGE  PERFORMANCE 
OF MOUNTED OPTICAL  INSTRUMENTS 
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Figure B-31. 
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plete as the standard results. The data 

are limited in their application, too, 

because the necessities of ship handling 

controlled the size of the region in 

vhlch the target vessels first could appear 

so that only a small sector some 20° in 

vldth needed to be searched. Consequently 

it is possible that wide-field instruments 

did not show to full advantage. 

TABLE B-33 

. 50 RRP RESULTS ON SEARCH PROBLEM AND FOR 

EXAMINATION OF OTHER TARGETS ON THE SAME 

RONS BY THE SAME OBSERVERS 

Instrument 

Sub- ; 
marine 
Search 

All- 
Targets- 
5ame Runs 
and Ob- 
servers 

SC 
Search 

All 
Targets— 
Same Runs 
and Ob- 
servers 

Hand-Held Binoculars 

7x50x7° 100.0 100.0 

10x50x7° 93.2 118.3 

Mounted Binoculars 

7x50x7° HHR 94.2 111.8 

7x50x7° 98.0 109.2 

7x50x7° VFA 84.8 106.7 

10x50x7° 96.8 116.0 

10x80x7° 116.8 117.8 110.7 139.5 

20x120x3° 126.0 182.0 119.3 187.5 

25x100x3.6C ' 108.1 201.0 117.8 171.6 

Mounted 
Monoculars 

16x96x3.2° 95.0 115.0 100.7 116.7 

21x76x2.8° 91.4 85.3 91.3 80.8 

24x96x2.2° 104.2 131.4 102.3 119.0 

RRP3 = .239 HRP + 72.9 

Results:     .50 RRP: 

Table B-33 gives the  .50 RRP's for 

hand-held binoculars, mounted binoculars, 
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and mounted monoculars respectively, for 

search, and for the standard targets on the 

same observers and same runs. Figures B-29, 

B-30 and B-31 give the corresponding RRP curves. 

These data show a very great reduction 

of the differences among instruments. With 

a possible exception, all tend to yield the 

same ranges and previously striking differ- 

ences among instruments shrink. Since the 

higher powered instruments had smaller 

fields, this may Indicate that the usual 

advantage of a higher powered Instrument is 

lost because of its small field. The one 

exception, the 10x80x7 had the largest 

field, which reinforces this suggestion. 

However, the instruments still differ- 

entiate themselves with respect to power, 

and their performance on search is, in 

general, proportional to their performance 

on the other targets. This is shown in 

Fig. B-32, in which RRP (search) is pre- 

sented as a function of RRP. The equation 

of the rectilinear fit (method of least 

squares) is 

•50 RRPsearch = '239 x ("5° RRP) + 72'9 

Results: Mean Ranges: 

Table B-34 give3 the mean' ranges ob- 

tained with the standard instrument for 

sightings of the submarine and the sub- 

chaser.  The mean "100$" range or. the 

submarine, 3085 yards, may be compared with 

a mean of 86 sure sightings of a fleet-type 

submarine which was reported by Comdr. 

D. R. E. Brown to be 2610 yards. The dis- 

crepancy is not great, and it is suggested 

that the criterion of "sure sighting" 

employed by Comdr. Brown's small group of 
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TABLE B-34 

MEM 7x50x7° HAND-HELD RANGES OBTAINED 

ON SEARCH 

Target 
Observer 
Location N 

Glimpse 
Mean 
(yards) SD N 

100 
Mean 
(yards) SD N 

PI 
Mean 
(yards) SD 

Sub Signal Bridge 35 3635 1018 32 3085 1021 30 2495 895 
Gun Deck 37 3474 976 35 3212 504 33 2278 732 

SC Signal Bridge 49 3975 1501» 52 3401 1548 47 2968 1375 

Gun Deck 43 3990 

G/G 

1639 46 3151 

100/G 

1246 38 2042 

PI/G 

977 

Sub: Ratio of Mean Range 1.000 0.875 0.735 

SC: Ratio of Mean Range 1.000 0.878 0.700 

lookouts may fall Intermediate between 

100# and P.I. 

In general, the ranges at vhich the 

SC was sighted are greater than those for 

the submarine. This reflects the larger 

area presented by the hull and superstruc- 

ture of the former, as compared with the 

small conning tower, and greatly elongated 

and narrow hull of the latter. Since each 

run was concluded and the observers were 

able to go below, as soon as PI had been 

reported on the search targets, there is 

some reason to discount the ranges at 

which Positive Identification was reported. 

Cold weather, or unpleasant wind may account 

for the range obtained as well as visual 

factors.  This does not, of course, affect 

reports of First Glimpse. 

Discus3Ion: 

It is strongly recommended that more 

extensive data on search be obtained. Al- 

though the present results are reliable on 

the small group of instruments tested, 

other instruments with rather different 

properties—e.g., great differences in the 

size of the true field—should be compared. 

Again, It may be desirable to perform a 

field test in which the plan is rather 

different, requiring search of a larger 

sector than is required when approaching 

a submarine or an SC lying dead in the 

water. 

Analysis of the search data makes it 

clear that the reduced .50 RRP's found in the 

search problem are a consequence of the 

nature of the task, since the mean range at 

which the submarine and SC are spotted is 

closely comparable to those at which 

Target 3, the radar screen, is corres- 

pondingly sighted. 
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THE SUBJECTIVE EVALUATION OF OPTICAL INSTRUMENTS 

The procedure of the experiment required 

each observer, at the termination of each run, 

to fill in a comment sheet on which the in- 

strument just used was evaluated on a four- 

point rating scale with respect to several 

variables. Figure B-4 presented such a 

filled-in comment sheet. 

The purpose of these sheets was to 

determine the validity of subjective evalua- 

tions of optical instruments, as well as 

to obtain a measure of the acceptability 

of various instruments. 

A second approach to the problem of 

subjective evaluation was also made. About 

one week after the termination of the 

October series of observations, each of 

the men who had served as observers was 

given a set of cards on each'of which was 

printed the name of a single instrument. 

He was then asked to arrange the cards in 

order of the general excellence of the 

instruments. 

Treatment of Results (Ratings): Analysis 

of comment sheets was performed only for 

the night observations. Day comment sheets 

were collected, but it has not been pos- 

sible to treat them statistically. Of 

the various properties with respect to 

which the instruments were evaluated, 

several* were dropped from analysis either 

because they were not understood by the 

observer or because they were not relevant 

* These were: "clarity at edge of field", 
"chromatic aberration , and "uniformity 
of field brightness". 
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to night observations. Consequently, dis- 

cussion is limited to the following factors; 

"Weight", "Ease of handling", "Steadiness 

(vibration)", "Ease of locating target", 

"Fatigue or comfort", "Desirability for 

constant use (search)", and "Desirability 

for occasional use (recognition)." 

Each Instrument, under each condition 

of use, was given a single score for each 

factor by use of the following formula: 

Score = IjQ    (2E + G - P) + 100 

where E = Number of ratings as "excellent" 

G = Number of ratings as "good" 

P = Number of ratings as "poor" 

N = Total number of times the instru- 

ment was rated. 

This formula weights "excellent" rat- 

ings, and yields a score which 13 always 

positive. 

Results (Rating Scores): 

Table B-35 gives the score made on sub- 

jective evaluations made by the various in- 

struments. As a group, the monoculars are 

clearly the least acceptable. 

Results (Ranking): Only ten of the observers 

were sufficiently familiar with each of the 

instruments used to supply complete data. 

The mean rank accorded each Instrument by 

the ten men was accordingly calculated. 

These mean ranks are present in Table B-36. 

Inter-correlations: 

a. with ratings:  Since "Desirability for 

constant use (Search)" was considered the 

index most likely to be correlated to the 

RESTRICTED 

Instrument 

Hand-Held 
Binoculars 

6x42x12° 
7x50x7°0 
7x50xH> 
7x50x10° (HR) 
8x60xg° (-Id) 
8x60x9 l-2d) 
9x63x5.7° 
10x50x7° 
10x70x7° (J.F.) 

Monoculars 

4x28x10° 
6x30x8.5 
6x33x8° 
6x33x7° * , 
7x50x7° (HH) 
16x96x3.2° 
24x96x2.2° 
21x76x2.8° 

Mounted 
Binoculars 

6x33x7° 
6x42x7° * 
6x42x12 
6x50x7° 
7x50x7 (HHR) 
7x50x7° 
7x50x7° (VTA) 
7x50x10° 
9x63x5.7° 
10x50x7° 
10x70x7° (NDRC) 
10x80x7° 
20x120x3° 
25x100x3.6° 

RESULTS,   PART  II 

TABLE B-35 

RATING SCORES OF OPTICAL INSTRUMENTS ON EACH OF SEVEN VARIABLES 

Number 
of 

Ratings 

50 
400 
40 

132 
55 
29 
12 

118 
11 

26 
22 
47 
25 
42 
12 
11 
25 

16 
16 
12 
17 

67 
27 
10 
12 
45 
29 
27 
38 
25 

Ease of  Fatigue 
Ease of Steadl- Locating   or    Desire.  Desire. 

Weight  Handling ness   Target  Comfort (Search)  (Recog.) 

180 
211 
178 
171 
15 
4 

158 
200 
50 

106 
78 
99 
94 

174 
83 

175 
55 

188 
208 
170 
160 
58 
56 

167 
211 
30 

100 
119 
122 
100 
191 
90 

138 
78 

177 
175 
153 
165 
139 
172 
158 
168 
109 

117 
143 
124 
108 
157 
100 
178 
86 

171 
196 
158 
173 
193 
203 
167 
192 
82 

39 
38 
50 
75 
66 
75 
137 
28 

168 141 
191 194 
135 103 
147 135 
43 63 
84 100 
83 92 

167 176 
27 18 

19 15 
35 1 
127 31 
74 56 
127 53 
67 58 
91 91 
27 15 

147 
193 
136 
166 
148 
165 
158 
205 
73 

22 
168 
145 
64 

124 
83 
118 
36 

157 138 118 69 100 113 87 
133 156 113 59 113 81 94 
173 192 150 117 127 142 118 
153 133 123 51 88 82 80 
212 215 161 202 190 197 181 
207 202 214 197 185 188 188 
235 215 254 203 182 186 165 
175 170 155 173 267 145 164 
225 189 125 175 142 125 150 
217 186 200 205 191 191 204 
174 184 188 229 165 163 220 
210 186 178 152 167 141 173 
220 172 223 229 179 189 234 
236 181 208 117 192 200 220 

*No RRP was available on these Instruments, so they are not Included in later correlations. 

general acceptability of an instrument, 

Pearson "r"'s were calculated between this 

and each of the scores on other criteria. 

Rank order rhos were also computed between 

the scores made by and the mean rank given 

to the 16 instruments which were ranked. 

The results are presented in Table B-37- 

The high correlations suggest that 

there is a great "halo" effect, i.e., that 

'-ach judgmert is based largely upon a general 

subjective evaluation, rather than on a 3pe- 

FESTPICTED 

ciflc basis for each judgment, 

b. Validation of the Subjective Evaluations: 

Fortunately, it is not necessary to limit the 

analysis to guesswork on the significance of 

these findings. There is, in the .50 RRP of 

each instrument, a criterion of actual per- 

formance to which may be related the subjec- 

tive evaluations made. Table B-38 gives the 

Pearson coefficients of correlation of this 

objective Index of performance with scores 

on each of the bases on which the Instruments 
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TABLE B-36 

MEAN RANKS OF OPTICAL INSTRUMENTS 

Instrument Mean Rank 

20x120x3° 2.3 

10x50x7° MTD 3.9 

10x70x7° MTD 4.2 

7x50x7° HH 5.8 

7x50x7° MTD 5.9 

10x50x7° HH 6.0 

7x50x7° VFA 6.6 

7x50x10° HH 6.8 

7x50x10° HH (Head Rest) 7.4 

6x42x12° HH 7.9 

9x63x5.7° HH 7-9 

8x60x7° HH 9.8 

7x50x7° (MON) 13.0 

6x33x8° (MON) 14.2 

6x30x8.5°  (MON) 14.2 

4x28x10° 14.3 

Naked Eye 16.4 

were rated on the comment sheets, and also 

for 16 or them, the rank-difference rho 

between the mean ranks already reported and 

the rank of the instruments in performance. 

As had been anticipated, "desirability 

for search" correlates most highly with the 

criterion, actual field performance, and the 

suggestion is strong that the high correla- 

tions found between this and the other« basis 

of rating are owing to "halo effect," and 

that relatively complex Interrelationships 

exist among the ratings employed. 

It was possible to obtain some measure 

of these interrelationships by using the 

technique of partial correlation. Taking the 

correlations of the criterion (.50 RRP) score 

and of the desirability for search score with 

each of the other ratings and the inter- 

correlations of these with each other, the 

effect of one upon the other may be par- 

tialled out and the correlations between 

each rating with the RRP score, or with the 

desirability for search score, without the 

TABLE B-37 

CORRELATION OF SCORE ON DESIRABILITY FOR CONSTANT USE (SEARCH) WITH 

SCORES ON OTHER BASES OF RATING AND WITH MEAN RANK 

Basis of Rating 

Weight 

Ease of Handling 

Steadiness (Vibration) 

Ease of Locating Target 

Fatigue or Comfort 

Desirability - Constant Use (Search) 

Desirability - Occasional Use (Recognition) 

Pearson "r" 
(29 Instru- 
ments) 

0.80 

0.86 

O.78 

0.79 

O.87 . 

1.00 

O.76 

PEr 

0.05 

0.03 

0.05 

0.05 

0.03 

0.00 

0.05 

Level of 
Signifi- 
cance 

1* 

1* 

p with Mean 
Rank (l6 In- 

struments) 

0.81 

0.58 

0.84 

0.89 

0.82 

0.89 

0.77 
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RESULTS,   PART II 

TABLE B-38 

CORRELATION BETWEEN  .50 RELATIVE RANGE PERFORMANCE OF 

 EACH INSTRUMENT AND RATING SCORES 

Basis of Rating 

Weight 

Ease of Handling 

Steadiness (Vibration) 

Ease of Locating Target 

Fatigue or Comfort 

Desirability - Constant use (Search) 

Desirability - Occasional use (Recognition) 

r PEr 

Level of 
Significance 

(*) 
0.53 0.10 1 

0.39 0.11 1 

0.62 0.08 1 

0.58 0.09 x 
0.52 0.10 1 

0.70 0.07 1 

0.62 0.08 1 

Rank difference rho between mean subjective ranking and rank in .50 RRP 

 = .86  

TABLE 3-39 

PARTIAL CORRELATION OF RATING SCORES ON EACH BASIS WITH .50 RRP, AND WITH 

DESIRABILITY. FOR CONSTANT USE (SEARCH), THE EFFECT OF THE OTHER 

BEING PARTIALED OUT. 

Basis of 
Rating 

Weight 

Ease of Hand- 
ling 

Steadiness 
(Vibration) 

Ease of Locat- 
ing Target 

"Fatigue" or 
"Comfort." 

Desirability - 
Constant Use 
(Search) 

Desirability - 
Occasional use 
(Recognition) 

Correlation Correlation 
with RRP with "Suit-   • 

Corre-                    "Suitability ability for 
lation                      for Constant Constant 
with                        Use (search)" Use(Search)" 
RRP            PEr       Held Constant Score            PBr 

r r 

Correlation Correlation 
with "Sulta- Between RRP 
bility for and "Suita- 
Constant bility for 
Use(Seerch)" Constant Use 
Score; RRP (Search)" 

Held      With Each 
Constant Held Constant 

T T 

0.53 

0.39 

0..62 

0.58 

0.52 

± 0.10 

± 0.11 

± 0.08 

± 0.09 

-O.O5 

-0.18 

0.18 

0.06 

0.79 0.05 O.69 

0.69 = 0.07 0.63 

0.77 x. 0.05 O.6O 

0 79 = 0.05 0.66 

n A£ ± 0.0' 0.81 

0.54 

0.65 

0.44 

0.48 

O.58 

O.70    ± 0.07 

0.62    ± 0.08     0.18 

1.00 1.00 

0.77  = 0.05   0.60 0.44 
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contaminating effect of the other, may be 

derived. The results of this analysis are 

presented in Table B-39- 

In these results, "desirability for 

constant use - (search)" correlates most 

highly vlth actual performance and, if 

only one such mode of rating is all that 

can be used as an index of an instrument's 

utility, it gives results which are not mis- 

leading. Some factor other than the visual 

efficiency of the binocular appears to 

enter into this rating, a factor closely 

related to "ease of handling" and "fatigue 

or comfort." 

"Desirability for constant use - 

(search)", then, seems to yield an over-all 

estimate of the subjective satisfactoriness 

of an instrument, but it leads to a mis- 

evaluation of the instrument on the other 

bases by the "halo effect." Thus a spu- 

riously high correlation is reached between 

each of the others and the .50 RRP score. 

Judgments of "steadiness" and "suitability 

for occasional use - (recognition)" are 

also slightly positively related to per- 

formances. 

It was not possible to extend analysis 

of these data further, and to determine the 

nature of the bases other than efficiency, 

as measured by .50 RRP, on which a binocular 

is evaluated.  It is strongly suggested 

by the data that the most important basis 

on which this is done is "comfort" in 

handling, and that this factor must be taken 

into account in evaluating the general 

utility and acceptability of an instrument. 

Rating by Civilians: 

It was originally planned to employ a 

large number of civilian and technical ob- 

servers, as well as enlisted men, since, it 

was anticipated, these men might, by superior 

qualifications, give better results as 

observers, and might better be able to 

judge the instruments objectively. 

A comparison of the scores j-iven five 

Instruments by the civilian group and oy 

TABLE B-40 

COMPARISON OF RATING SCORES GIVEN FIVE INSTRUMENTS BY THE CIVILIAN GROUP AND 

BY A GROUP OF ENLISTED MEN HAVING THE SAME EXPERIENCE WITH THE INSTRUMENTS 

Instrument Weight 
E   C 

Ease of 
Handling 
E   C 

Steadiness 
and 

Vibration 
E   C 

Ease of 
Locating 
Target 
E   C 

Fatigue 
or 

Comfort 
E   C 

Desira- 
bility 
(Search) 
E   C 

Desira- 
bility 
(Recog- 
nition) 
E   C 

7x50x10° HH 134 150 133 167 176 223 200 216 128 170 124 200 168 109 

10x50x7° HH 165 207 170 207 165 113 180 153 130 154 12b 164 210 207 

7x50x7° HH (M0N) 201 207 203 179 I69 17? 68 02 105 173 3D 34 

8x60x9° HH 
(-Id.) 

0   6 32 54 111 93 179 200 21 64 26 38 94 243 

7x50x7° HH 202  213 202 223 174 188 195 150 169 213 155 194 201 181 

Mean 140 157 148 166 159 158 164 162 111 155 93 126 153 158 

212 PK'T^lCTtr 

a comparable group of enlisted men who used 

them at the same time, and for approximately 

the same number of runs is presented in 

Table B-40. 

It appears that the enlisted men judge 

the instruments more rigorously than the 

civilian group.  There is good agreement 

between the two groups in relative ratings. 

Discussion: 

These results show that observers who 

have necessarily familiarized themselves 

with a number of instruments by using then 

to a considerable extent are able, as a 

group, to evaluate them satisfactorily in 

terms of their actual utility in the field. 

The large "halo effect" found indi- 

cates that the more closely related to the 

specific job for which the instrument is 

to be used are the terms in which it is 

evaluated, the better, i.e., the more valid, 

the evaluation. 

These evaluations were all made on the 

basis of comparison of the instrument with 

the verbal standards which the observers 
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have set up; they do not require immediate 

and direct comparisons between two instru- 

ments. 

Warning: These results should not lead any- 

one into the belief that persons familiar 

with the use of optical instruments are 

able to make off-hand judgments as to the 

probable performance of a binocular or 

monocular unfamiliar to him. It must be 

emphasized that all the raters and rankers 

fron whom data were obtained had had 

thorough experience with an instrument, on 

a fixed and familiar set of targets, before 

they evaluated it; no off-hand judgments 

were obtained. Such judgments, if made 

on non-comparable targets, may be seriously 

misleading. As an instance of this, sev- 

eral submarine commanding officers and 

Oil's  stated, on the basis of a few weeks 

casual use, that the inferior 6x42x12° 

binocular was a better instrument than the 

7x50x7 . It must be assumed that such nis- 

evaiuations are derived from the "comfort" 

or "convenience" factor. 

CONCLUSIONS 

On the basis of the results which have 

been reported, certain conclusions may be 

drawn which apply to the problems of optical 

design: 

(1) An instrument which 13 selected for 

it3 superiority at night will perform 

satisfactorily by day.  It i3 neither 

necessary nor advisable to provide 

separate instruments for use under 

each condition. Although certain in- 

struments perform relatively better 

'iCTPICTEt 

by day than by night (e.g. lower-power 

instruments and instruments with small 

exit pupils), no inversions have been 

found. 

(2) A binocular instrument is to be pre- 

ferred to a monocular. Although the 

advantage is slight by day, it is suf- 

ficiently great by night to warrant 

the increased cost, weight, and com- 

plexity of design. The advantage stems 

not only from increased ranges, but 

•iriinTiir " •aäa 
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from the relatively greater comfort, 

acceptability, and ease of use noted 

in subjective evaluations. 

(3) A mounted instrument is to be preferred 

in all instances to a hand-held instru- 

ment, and mounts or rests should be pro- 

vided for all optical instruments.  It is, 

for example, suggested that provision be 

made on the navigation bridge of ves- 

sels for convenient mounts or rests on 

vhlch OD's may place their glasses when 

using them. Similarly, all lookouts 

should be provided .with mounts or rests. 

It must be emphasized that those in use 

at present are not entirely satisfac- 

tory. The superior performance ob- 

tained with the Eastman Kodak Anti- 

Vibration Mount which is not, in its 

present form, entirely satisfactory, 

indicates that research directed at the 

design of a simple and efficient vibra- 

tion-reducing mount would lead to 

greatly improved performance, espec- 

ially for high-powered instruments. 

(k)    Fixed focuses are acceptable. Although 

any focus arbitrarily selected will 

handicap the performance of some observ- 

ers, if taken at the average of the 

population, it should simplify the 

observer's problem, and consequently 

enhance group performance. 

(5) Head rests are acceptable, If properly 

designed. They will lead to little or 

no changes in performance. 

(6) A hand-held binocular must be light, 

easy to handle, ana of the highest 

power and largest field feasible. The 

10x50x7° binocular fits these specifi- 

21'» 

KAVORD REPORT 77-45 

cations in a manner entirely satisfac- 

tory. It is urged that It replace the 

7x50x7° as the standard instrument— a 

recommendation well founded In the sub- 

stantially superior performance 3hown 

by it under most circumstances. 

(7) Instruments which are designed to be 

used only as mounted instruments should 

be of the highest power possible con- 

sistent with a large exit pupil and 

large field. On the basis of the data, 

which did not reach diminishing returns 

in magnification, the ideal instrument 

would seem to be a 20x120x4.5° binocu- 

lar, if such can be produced. A still 

higher power might have been recom- 

mended had there been the opportunity 

to test higher magnifications, for ex- 

ample, the Japanese 30x180x2.2° instru- 

ment. It is believed, however, that 

the field size sets a practical limita- 

tion on the magnification that can be 

utilized. 

(8) Any instrument used exclusively for 

search should have a field at least 7° 

in width. Larger fields might have an 

advantage in search for aircraft. On 

this point, we have no data, although 

it was desired to obtain them. 

(9) In most Instances where the field 

tests cover problems also studied in 

the laboratory, the laboratory results 

have been verified. It should be noted 

that, in the field differences between 

instruments are generally not so great 

as those found in the laboratory. 

Those instances where field results 

fall to verify laboratory results, 
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e.g., in the case of the effect of 

vibration on Instruments of high mag- 

nification, show that laboratory re- 
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suits must always be tested in the 

field. 

RESULTS, PART III.  SECONDARY ANALYSES 

General: 

The field experiments which have been 

reported upon were designed to yield 

statistically sound results on the differ- 

ences in performance of binoculars and 

telescopes; these results have been re- 

ported upon in Part II. However, the 

experiment provided the opportunity to ob- 

tain data on many other problems as well, 

and the results on such subordinate prob- 

lems are presented in Part III. 

Such Incidental analyses provide the 

opportunity to obtain new data of interest 

on such problems as the selection and var- 

iability of lookouts, the effects of train- 

ing, and on the effects of wind and similar 

variables upon performance. Laboratory 

data on such problems as the visibility of 

targets, meteorol03lcal visibility, etc., 

can be re-evaluated. 

In general, the secondary problems 

fall into two classes: 

(a) Th03e relating to visibility and allied 

problems. 

(b) Those relating to individual differ- 

ences among subjects. 

Data are available in both classifica- 

tions but In no case are they as complete 

or have they been as completely analyzed 

as one would wish. Time and personnel 

have not been available to carry the treat- 

ment as far as it could have been; statls- 
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tical treatment of the data obtained on 

them has awaited completion of the basic 

calculations. 

Difficulties: There are many Inherent, and 

some extraneous, difficulties in making such 

analyses. The experiment was designed for 

one purpose: to evaluate optical instru- 

ments. As a consequence, the data treated 

in subordinate analyses are,'in some cases, 

scanty and incomplete with respect to many 

variables. For some purposes, they are not 

amenable to analysis directly, but require 

considerable preliminary work. Many analyses 

have had to be performed concurrently, with 

the not infrequent outcome that the results 

of one analysis show that another has been 

Inadequate, and must be reperformed. Sev- 

eral analyses have proven abortive for this 

reason and have been discarded; others are 

by no means complete. 

The extraneous difficulties have arisen 

from the shortness of time, and the scarcity 

of skilled and permanently assigned per- 

sonnel. The work performed has required 

time-consuming copying, recopying, checking 

and rechecking, and It has been interrupted 

several times for retraining of statistical 

personnel. 

Therefore, the results of the secondary 

analyses must be considered, in large part, 

preliminary and only suggestive of what a 

final analysis of these same data would 
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yield. 

Methods: In viev of the many difficulties, 

certain policies were established with re- 

spect to treatment of the data in order to 

get maximum results in the shortest time. 

1.  in almost all subordinate results, 

analysis is restricted to the data on only 

one discrimination: the report of 100# fre- 

quency of Seeing, on Target 3 (the radar 

screen) for the night observations, and 

the report of lOOjg frequency of Seeing 

on Target 8 (the flagpole) for the day ob- 

servations. The selection of these dis- 

criminations vas predicated on the supposi- 

tion that they were representative of data 

on all targets.  This supposition is justi- 

fied by the results presented under Criteria 

of Seeing. Treatment is further restricted 

to the data obtained with the standard 
o 

7x50x7 binocular. These restrictions re- 

duce the amount of work to a small fraction 

of that which is actually necessary, but at 

the expense of statistical reliability and 

completeness, in many cases. A thorough 

analysis, utilizing data on all targets 

and all instruments, was out of the question 

because of shortage of time and personnel. 

2.  Both absolute and log range values 

were used in subordinate analyses, with 

the greater stress being placed on the 

logarithmic values.  Treatment of logarithmic 

values was preferred not only since they 

better represent the data obtained under 

all conditions of visibility, but a/lso 

since they are more easily handled mathemat- 

ically and provide for simple methods of 

applying corrections. The choice of using 

logarithmic or arithmetic values has, in 
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some cases, been based on convenience, or 

on the sequence in which the work wa3 per- 

formed. 

3.  The statistical treatment, however, la 

limited not only with respect to the number 

of items accorded a uniform treatment, but 

also in the variety of treatments which 

have been applied. In planning the statis- 

tical work, the procedures best suited to 

the particular set of data under considera- 

tion were followed, often to the exclusion 

of performing uniform operations on several 

somewhat dissimilar sets.  The course yield- 

ing the most meaningful results most rapidly 

was selected. 

k.      Where it has been deemed necessary, 

corrections have been applied to the data. 

Thus, in order to make possible, for cer- 

tain purposes, combinations of data obtained 

on the gun deck at night with data obtained 

on the signal bridge, a constant log value 

derived from the data has been added to all 

log ranges obtained on the gun deck. Sim- 

ilar corrections have been, for some 

analyses, applied for visibility. Such 

corrections have been indicated wherever 

they have been applied. 

Because of the limited scope of the 

present analyses, there remains a body of 

data well suited to provide definitive 

answers to many problems of visibility and 

the use of optical equipment.  It Is not 

impossible that, at some future data, fur- 

ther analysis of them will be made; the 

results of the analyses herein presented, 

which are essentially a series of first 

approximations, indicate that such further 

work is desirable. 
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VISIBILITY AMD RANGE 

The most Important secondary analysis 

which can be made of the data obtained in 

this experiment relates to the visibility 

of fixed targets. A substantial body of 

data has existed for some time from which 

theoretical average ranges at which targets 

may be detected may be computed. Only 

recently, an ambitious experimental program 

vas completed which was designed to estab- 

lish the relationships existing between 

visibility and target size, target con- 

trast, and background brightness, which 

are without question the most important of 

the variables determining the range at which 

a target may be detected. On the basis of 

this program, which was performed at the 

Tiffany Foundation by NDRC Section 16.3, a 

set of nomographs has been published 

vhich purports to predict the range at which 

targets of given characteristics may be 

detected under various conditions of visi- 

bility and sky brightness. These nomographs 

have not yet been tested under service con- 

ditions with respect to their validity. 

The data which have been obtained in 

the present experiment are well-suited to 

the validation of such nomographs. Targets 

varying In contrast and size have been 

sighted under wide variations in visibility, 

and the ranges recorded. Data on the rele- 

vant variables entering into the laboratory 

results are either directly available or 

may be easily computed. A target-by-tareet, 

nlght-by-night, and day-by-day analysis 

should lead to the production of results 
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which should unequivocally verify or fail 

to verify many of the predictions based 

upon laboratory data. 

In this report, data on a single dis- 

crimination under night observation condi- 

tions, and on three discriminations under 

day conditions, are treated. The discrimi- 

nation selected for analysis of night ob- 

servations was 3-100, for this was repre- 

sentative, and the data on it were most 

complete. Distrimlnations 7-G, 8-100, and 

D-PI were those selected for day treatment. 

All results considered in the present 

treatment were obtained with the 7x50x7° 

binocular. 

Night Results: 

Target and Course Differences: Target 3 is 

the radar screen, a wire screening, painted 

orange, and affixed to a complex wooden 

frame constructed of 2xk's  of over-all dimen- 

sions 16' x 16'. This target acted as a 

filter as well as a reflecting surface in 

that it not only reduced the brightness of 

the sky seen through it but also acted as a 

reflecting surface, so that it was necessary 

to measure its "transmission-reflectance" 

rather than its reflectance alone. Course 

210 T was normal to the face of this target, 

so that a square was presented to the ob- 

(•mt/ihinol 

framework could be seen.  It3 "transmission- 

reflectance," measured with a Macbeth Illum- 

inometer on a bright overcast day, wa3 .595. 

Since it was painted orange thl3 value 

should be somewhat lower at night, owing 
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to the Purkinje shift. It was not possible 

to obtain any measurements at night. 

From course 065 T, the approach is not 

normal to the plane of the 16' x 16' square, 

and a rectangle of the proportion 16 x 13 

is presented to the observer. At the same 

time, the structure of the target—its cross- 

braces and angular planes—-is revealed, so 

that the "transmission-reflectance" of the 

target is decreased, and its contrast en- 

hanced.  The net effect of these tvo shifts, 

which act to counterbalance each other, may- 

be close to zero, so that the ranges obtained 

from one course may be expected to average 

close to those obtained on the other. 

Fundamentally, there was little differ- 

ence between courses 055 9? and 065 T; the 

shift between the two was made because of 

the appearance of a distracting light on 

the former course. There did exist, how- 

ever, one previously mentioned difference 

between these two courses and course 210 T. 

In the former courses, the fort always 

appeared against a clear sky-sea horizon. 

On the latter, it appeared against a land 

background, 5.5 sea miles beyond the fort. 

Owing to the nature of Target 3-100, this 

did not affect contrast measurements, and 

calculations show it should have no effect 

on ranges obtained. 

Table B-tl gives the mean 7x50x7° ranges 

for 3-100 for all three courses, 210 T, 055 T 

and 065 T. The difference on observations 

froK the 3ignal bridge between the two 

courses is close to .01 log units, and, for 

the present, results froa both courses will 

be treated together. 

The difference found between the two 
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courses on the gun deck data is somewhat 

greater, and it is not yet accounted for 

but must be reserved for treatment at a 

later date.* 

TABLE B-tl 

MEAN LOG RANGES,   BY COURSE, 

NIGHT OBSERVATIONS 

September 
Observations 

Course 210T 

Course 055T 

Oct., Nov., 
Dec. Obser- 
vations 

Course 210T 

Course 065T 

22 

17 

Mean 

3.110 

3.420 

S. D. 

0.10 

0.22 

Signal 
Bridge Gun Deck 

N        Mean      S.D. Mean   S.D. 

62      3.446    0.19 3.31 o.il) 

6°      3.^59    O.19 3.2,0 0.I6 

ob£tMd at n^h?6001^17 anaU-sss,  the data 
accorded IL iB^ °n the 8"° de<* are not 
Äe Li   ^\treat?Snt 8lven the 3^1 
to afloun^fn? ?h

iS a riS°rous attempt aide 
resul?s^b4?n0?

1?>,0=caslonally anomalous 
thus vpi^fineal there-    The reasons for 
brldge^aÄr:1* re3UltS ^  the »^ 

i^h?h? most e*Perienced observers were al- 
sectionf73 *SSiened  to the «££1 bridge 
since the  mo^T observers to the gun dick, 
inst«•»6,- 3t ^Portant comparisons among 
instruments were carried out at the former 

SorLnce^^h»6 thaS the evldent secondary 
fleeted ?t,°^he P21 deck comparisons re- 
servers the?" *" l0Wer mot^ation of ob- 

ieldom6 ifafL3eotlona on the 3iS^l bridge ,, ;"• "„ever. reDea*^ ~*..o~.."<-*.-. ..<!>> 
observ«??! b^ocular on any one night of 
theT»«J  \.°n the 0ther h^d>  men of 
qulntlv d,H Ctl0ns of the 8• de°k fre- 
brld^e dfti 3°-  Consequently, the signal 
the ?erf^LCOnStitute a better sampliof 

Performance of a large population. 

for the11*3-«-?0}: 7fl  been Possible to analyze 
of eye?    '' if *"*» of the ^wer height 
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Mean and Median Ranges, 7x50x7° HH Binocular 

Night Data: Target 3-100: 

(1) Total number of observations: 

(a) Of the total of 179 runs, 12 were 

made at 17 knots, rather than at the 

standard 9, and consequently are not 

included In the analysis. 

(b) On ll6 runs, observations were made 

simultaneously from the signal bridge 

and the gun deck. 

On 102 of these, sightings were made 

from both levels. 

On 4, sightings were made from the 

signal bridge but not the gun deck. 

On 7, sightings were made from the 

gun deck but not the signal bridge. 

On 3, no one sighted the target. 

(c) On 46 runs, observations were made 

from the 3ignal bridge only. Sight- 

. ing was made on all of these. 

(d) On 5 runs, observations were made 

from the gun deck only. Sighting 

wa3 made on all of these. 

(2) Statistical Treatment 

The data obtained on the signal bridge 

and gun deck are treated separately since 

the results show a highly significant dif- 

ference between them. 

Both the absolute ranges and log ranges 

have been Investigated, and means, standard 

deviations, medians, quartile deviations, and 

Pearson product moment "r"'s between gun deck 

and signal bridge ranges have been computed. 

These have been calculated and are presented 

not only for the population on which sight- 

ings are complete, but also on the incom- 

plete sightings, when the minimum range to 

which the observation vessel approached the 
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targets is used as a fill-in value. This last 

is a necessary procedure since failure to take 

such Incomplete runs into account discards 

some of the most significant data--that ob- 

tained under the poorest visibility condi- 

tions. The minimum range gives an estimate of 

the missing values, which are necessarily too 

great, but are adequate for present purposes. 

(3) Results: 

Tne results of a run-by-run analysis are 

presented in Tables 3-42 and B-43. 

(1) The distributions are logarithmic. 

This is reflected not only in the close 

agreement between the medians and means of 

the logarithmic distribution but also in 

the coefficients of correlation obtained 

between the logarithmic values of simultan- 

eously obtained ranges, which are higher than 

those between absolute ranges. 

(2) The variability of performance is great. 

(3) There is a substantial difference between 

the ranges obtained from the signal bridge, 

and those obtained from the gun deck. 

Ranges from the gun deck are only 75-80$ 

as great as those obtained under the same 

conditions from the higher position. 

(4) The correlation between ranges obtained 

on the signal bridge and gun deck offers one 

measure of the contribution of visibility 

and other lesser run-variables to the per- 

formance, as opposed to the contribution 

made by individual differences and chance, 

or other variability. Accepting .595 as 

the best estimate of this correlation, a 

coefficient of alienation of .804 and a 

"percentage of casual factors measured" of 

35.1$ are obtained. Many factors other 

than visibility evidently play a part In 

-'-fr milDf - -•-»••••- 
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to the Purklnje shift. It was not possible 

to obtain any measurements at night. 

From course 065 T, the approach is not 

normal to the plane of the 16' x 16' square, 

and a rectangle of the proportion 16 x 13 

is presented to the observer. At the same 

time, the structure of the target—its cross- 

braces and angular planes—is revealed, so 

that the "transmission-reflectance" of the 

target is decreased, and its contrast en- 

hanced.  The net effect of these tvo shifts, 

which act to counterbalance each other, may- 

be close to zero, so that the ranges obtained 

from one course may be expected to average 

close to those obtained on the other. 

Fundamentally, there was little differ- 

ence between courses 055 T and 065 T; the 

shift between the two was made because of 

the appearance of a distracting light on 

the former course. There did exist, how- 

ever, one previously mentioned difference 

between these two courses and course 210 T. 

In the former courses, the fort always 

appeared against a clear sky-sea horizon. 

On the latter, it appeared against a land 

background, 5.5 sea miles beyond the fort. 

Owing to the nature of Target 3-100, this 

did not affect contrast measurements, and 

calculations show it should have no effect 

on ranges obtained. 

Table B-41 gives the mean 7x50x7° ranges 

for 3-100 for all three courses, 210 T, 055 T 

and 065 T. The difference on observations 

from the signal bridge between the two 

courses is close to .01 log units, and, for 

the present, results from both courses w.111 

be treated together. 

The difference found between the two 
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courses on the gun deck data is somewhat 

greater, and it is not yet accounted for 

but must be reserved for treatment at a 

later date.* 

TABLE B-4l 

MEAN LOG RANGES,   BY COURSE, 

NIGHT OBSERVATIONS 

September 
Observations 

Course 210T 

Course 055T 

Oct., Nov., 
Dec. Obser- 
vations 

Course 210T 

Course 065T 

22 

17 

Mean 

3.410 

3. 420 

S. D. 

0.10 

0.22 

Signal 
Bridge Gun Deck 

N        Mean      S.D. Mean   S.D. 

62     3.446   0.19 3.31 0.14 

60      3.1)59    0.19 3.*0 0.16 

obSiSedU a}\?eoondary analyses,   the data 
accor^d SB Am   °"  t?e gUn deck are not 

bridge daS    •i\ J»«*•"* S^en the signal 
to afcou£r?v^ Li3 a riSorous attempt made 

zTrb*1•1 *•«" "As-orr 
SldgeeagÄfhe  reSUltS f°r «- •« 
1^2«. Tbf most exPerlenced observers were al- 
sectionsa7In

a33iene2 t0 the »W •3g£ 
slnre ?he ^/'?W Servers  to the gun deck, 
inst'ru^n^ °St lfflPortant comparison? among 
instruments were carried out at the former 

importai3«15^^19 that the evident secondary 
fleeted    LI'?8 ^n deck comparisons re- 
servers thlref ln l0Ver motiva"°n of ob- 

ieldom6 ^men seotlons on  the signal bridge seldom,  if ever,  repeat»'' ^^or-..?4.Jn_„ ..<?>, 
observAtfl    binocular °n any one night of 
?     M\ 0n the other hand, »en of 

qulntlv H^eCti0n3 °f the 8"" deck fre- 
brtd^ri?^ 30-     Consequently,   the  signal 
then»^» constitute a better sampli of 
the performance of a large population. 

for tL1^3./10? yet been Possible to analyze 
of eye? e"eCt>  ir anv-   of the lower height 

RESTRICTED 

Mean and Median Ranges,  7x50x7° HH Binocular 

Night Data:  Target 3-100: 

(1) Total number of observations: 

(a) Of the total of 179 runs,  12 were 

made at 17 knots,  rather than at the 

standard 9,  and consequently are not 

included in the analysis. 

(b) On ll6 runs,  observations were made 

simultaneously from the signal bridge 

and the gun deck. 

On 102 of these,  sightings were made 

from both levels. 

On 4,   sightings were made from the 

signal bridge but not the gun deck. 

On 7,   sightings were made from the 

gun deck but not the signal bridge. 

On 3,  no one sighted the target. 

(c) On 46 runs,   observations were made 

from the signal bridge only.    Sight- 

. lng was made on all of these. 

(d) On 5 runs, observations were made 

from the gun deck only. Sighting 

wa3 made on all of these. 

(2) Statistical Treatment 

The data obtained on the signal bridge 

and gun deck are treated separately since 

the results show a highly significant dif- 

ference between them. 

Both the absolute ranges and log ranges 

have been Investigated,  and means,   standard 

deviations,  medians,  quartile deviations,  and 

Pearson product moment  "r"'s between gun deck 

and signal bridge ranges have been computed. 

These have been calculated and are presented 

not only for the population on which sight- 

ings are complete,  but also on tjie incom- 

plete sightings,  when the minimum range to 

"hich the observation vessel approached the 
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targets is used as a fill-In value. This last 

is a necessary procedure since failure to take 

such incomplete runs into account discards 

some of the most significant data—that ob- 

tained under the poorest visibility condi- 

tions.  The minimum range gives an estimate of 

the missing values, which are necessarily too 

great, but are adequate for present purposes. 

(3) Results: 

Tne results of a run-by-run analysis are 

presented ln Tables B-42 and B-43. 

(1) The distributions are logarithmic. 

This is reflected not only in the close 

agreement between the medians and means of 

the logarithmic distribution but also ln 

the coefficients of correlation obtained 

between the logarithmic values of simultan- 

eously obtained ranges, which are higher than 

those between absolute ranges. 

(2) The variability of performance is great. 

(3) There is a substantial'difference between 

the ranges obtained from the signal bridge, 

and those obtained from the gun deck. 

Ranges from the gun deck are only 75-80$ 

as great as those obtained under the same 

conditions from the higher position. 

(4) The correlation between ranges obtained 

on the signal bridge and gun deck offers one 

measure of the contribution of visibility 

and other lesser run-variables to the per- 

formance, as opposed to the contribution 

made by Individual differences and chance, 

or other variability. Accepting .595 as 

the best estimate of this correlation, a 

coefficient of alienation of .804 and a 

"percentage of casual factors measured" of 

35.4$ are obtained. Many factors other 

than visibility evidently play a.part in 

~--     — -•—°-• 
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TABLE B-42 

SIMULTANEOUS SIGHTINGS: SIGNAL BRIDGE AND 

GUN DECK--AVERAGE RANGES IN YARDS 

A. Complete  (N = 102) 

Absolute 

Absolute 

iog 

B. Including interpolated data (N = 116) 

Signal Bridge Gun Deck 

Mean (Yds.) SD  (Yds.). Mean (Yds. •) SD (Yds.] 1 

3310 1340 2510 923 
Absolute 

3.h9 O.lS 3.37 0.15 
range: 

Mdn. Q* Mdn. q* 

r            =0.446 
SB-GD 

3200 1050 2330 600 
Log 

3Ö1 0.15 3.37 0.11 
Range: 

rSB-GD =  °-501 

Sigr.al 3ridge Gun Deck 

Me ar. (Yds.) SD (Yd: *-) Mean (Yds •) SD (Yds.) 
Absolute 3110 1390 2400 930 

Absolute 

iog 3.45 0.19 3.35 0.16 
rar.g"=: 

Mdn. ft* Mdn. Q* 
rS5-GD = °-520 

Absolute 2730 1050 =200 615 
Log 

I--? 3.• 0.16 3.3't 0.12 
Range: 

rSB-G3 '  °-595 

* Q = = Suartile deviat ion 

J.-.-er.C "(.-5•_!:.<: ley Data: 

r>.r*.- iismni=4:i;r.s Save bier, s?- 

.ootrs -or ir.^js'.s.    !"-.?- are: #"  (-x- 

Ms.-«.'.?! f-r  (-laj\.-.--?).i::: ard 

r(i    s:r-..-:i tire,--, sfair.s:  ror:1.?I. 

<r. :.v:  ;.;il 0;' 1_: r~.s, data sre  00=- 

.-:;-:;  or -k-  JLJ:-:„-JS    1; fro- t-a.-r. ,-i1 t~.= 

j * *5— — ^. 

("r: tii.- ,ip. 

or_y Icj ranges are  treated,  and ti« ==an 

-eg ranges are co=ruttd for ea.-h targft 

observed fro= each observation rest,  ar.i 

'"- «s~h target for all four ctsts taie- 

t:ge:her.    The   £-  t«;h=l;ue has bee-  r- 

iiojod to  test   t^.e  signifioar.:?  of dif-N.- 

f-oes t.'tvcen observations rsde at  — ; : '-" 

stations.    The resjlts sre ;resent«d ir. 

T;.i.-  B-lt. 

Co•;-*:    1.    TL? variability is  r.-=:i.r^:l-? 

to  thr;  of the night data.    It s.rt-rsr.- -  ^ 
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TABLE B-43 

A.  Signal Bridge Sightings 

(a) Complete  (N • 152)  Absolute 

Log 

(b) Including Interpola- 

tions (N = 162)     Absolute 

Log 

B  Gun Deck Sightings 

(a) Complete (N = 114)   Absolute 

Log 

(b) Including Interpola- 

tions (N = 121)      Absolute 

Log 

ALL SIGHTINGS-SIGNAL BRIDGE AND GUN DECK 

Mean SD Median Q 
3120 1270 2770 900 
3.46 0.18 3.45 0.14 

3020 1290 2770 900 
3.44 0.19 3.45 0.14 

Mean SD Median ft 
2450 920 2200 640 

3-36 0.16 3.3« 0.12 

2390 930 2200 640 

3.35 0.16 3.34 0.12 

0.16 log units i3 a uniform value for the 

variability of observation under the variety 

of visibility conditions encountered in both 

day and night runs.  Thus, two-thirds of 

the observations fall between approximately 

69^ and 145£ of the mean. 

2. No reliable differences exist among ob- 

servations made at the various observation 

posts In thl3 respect, the data obtained 

by day differ/rom those obtained at night. 

3. With data on only 12 run3, it is not pos- 

sible to evaluate the contribution of visi- 

bility by means of correlating simultaneous 

observations. 

Visibility Analysis: 

Weather contributes to the data ob- 

tained and to its variability in four dif- 

ferent ways; by meteorological visibility, 

PE-'TMCTED 

wind, sky brightness, and by sea condition 

(including cloud coverage). An extensive 

analysis of the data with respect to the 

first was possible, and a less extensive 

analysis with respect to the second. Sky 

brightness measurements have received a 

minimum of treatment and no attempt has 

yet been made to check data on cloud cover- 

age. On sea condition as a variable, no 

treatment was undertaken, since the sea 

was almost never sufficiently rough to 

produce appreciable roll and pitch. 

Meteorological visibility is important 

in still another way than that which has 

already been discussed: on the night of 

5 October 1945, visibility was unlimited, 

and a number of lights not previously seen 

were evident. As a consequence, some of 

221 

•r    ilnn — maaz 



T' -r;t nin-Kin--  -^litr.».')" • nr 

FIELD TESTS OF OPTICAL INSTRUMENTS  

the personnel associated with the project 

raised the question of whether these 

lights invalidated our results. A panel 

of OSRD and staff personnel, familiar with 

the experiment in all its phases, considered 

these lights not a serious problem, hut 

emphasized the importance of checking the 

results according to visibility, since 

anomolous results on nights of good visi- 

bility might be attributed to such lights. 

Analysis of the sets run on these nights 

shoved no anomolous results with respect 

to the performance of the binoculars. 

In the original outline of the experi- 

ment provision was made for accurate and 

objective measurement of meteorological 

visibility. Hovever, the plans were dropped 

following the advice of Dr. F. 0. Hulbert, 

of the Naval Research Laboratory. In his 

experience, such measurements, especially 

when cade at night, do not yield results 

sufficiently reliable to warrant the great 

expenditure of time and effort required to 

make them. 

Original Analysis, Night Observations: 

Accordingly, it was decided to employ the 

usual quartermaster's ratings of visibility, 

and one member of the bridge crew was as- 

signed to record, three times during a 

night's runs, and on any apparent change 

in visibility, the range and identity of 

the most distant light visible. These re- 

sults, it was anticipated, could be checked 

against and correlated with quartermasters' 

entries in the ship's log. 

Results of Original Analysis: »ach time and 

effort were expended in an attempt to obtain 

useful data from these records of visibility. 
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TABLE B-M 

MEAN LOG RANGES FOR THREE CLASSES OF 

VISIBILITY AS DETERMINED BY THE 

QUARTERMASTER'S RECORDS 

Visibility Class Mean S. D. 

0-5 miles 3.f8 0.17 

6-9 miles 3.^2 0.18 

10 miles or more 3.^9 0.18 

The reliability of observations was extrenely 

low, and the disagreements between the two 

estimates were discouraging. After careful 

cross-check, the runs were classified, o,i 

the basis of the quartermaster's reports, 

into three classes: 0-5, 6-9, and 10-plus 

miles visibility. Table B-hk  gives the mean 

log ranges of 3-100 for these three classes. 

This analysis indicates that the quar- 

termaster's efforts were misleading, and 

entirely inadequate to provide a basis for 

analysis. 

A second analysis was made on the basis 

of the starting range of each run. The 

ship's officers had been instructed to start 

at greater ranges on clear nights than on 

average and hazy ones.  In general, this 

instruction was carried out. However, 

analysis based on these was fruitless for 

the reason that two other important variables, 

the skill and mood of the 0D, and the power» 

of tho Instruments being tested, also ieler- 

mined them. 

A third abortive analysis was based upon 

mean absolute ranges from the various sets, 

* Greater starting ranges were chosen wh*n 
high-power equipment was under test. 

FZfT 
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Figure B-33- 

223 

Mjsa«pjggg 



•rr^ywr-.-J.^ , -«,-..-r-ft„^-.,... -->• — LJ^ 
jj* (ftHm-l w» -* 

FIELD TESTS OF OPTICAL INSTRUMENTS 

but this, too, yielded uninterpretable re- 

sults, since the various runs of a single 

set were often made under widely varying 

visibility. 

Final Analysis: The mode of analysis for 

visibility which proved most satisfactory 

derives from the data themselves, and is 

based upon inference from the high correla- 

tion between log ranges obtained on the 

3ignal bridge and gun deck. The 7x50x7 

HH night, data on discrimination 3-100 are 

employed. 

Method:  Since the visibility, on any one 

night, remained relatively constant, except 

over the last one or two runs on a very few 

nights, analysis is made in terms of date. 

 TABLE B-45 

AVERAGE LOG RANGE (YARDS) OF TARGET 

3-100, BY DATE AND OBSERVATION LEVEL 

SIGNAL BRIDGE GUN DECK 
Bate Mean" Median Mean Median 

September 4 3-52 3-51 
5 3.35 3.46 
6 3.36 3-33 
7 3.37 3-38 

12 3.53 3-55 
13 3.37 3-39 

October  4 3.64 3.65 3.35 3-39 
5 3.41 3-35 3-35 3.36 
7 3.50 3.50 3-34 3-33 
8 3.29 3.27 3.21 3.21 
9 3.57 3.62 3.51 3.44 
10 3-56 3-59 3.46 3.51 
11 3.53 3-57 3.41 3.43 

November 1 3.58 3.59 3.46 3.45 
2 3.24 3.22 3.19 3.17 
5 3-52 3-51 3.42 3.40 
8 3.35 3-38 3-31 3.29 

& 3.50 3.47 3.38 3.38 
26 3.62 3.64 3-38 3.37 
27 3.68 3.69 3.50 3.52 

December 8 3.27 3.27 3.26 3.21 
9 3.22 3.18 3.21 3.16 

e2 = 0. 455 e2 = O.356 

P < 0. 01 p < 0.01 
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TABLE B-46 

£2 ANALYSIS OF -7x50x7° LOG RANGES, 

BY COURSE AND DATE 

(NIGHT OBSERVATIONS ONLY) 

Observation 
Position Course 

Signal Bridge 210T 

Signal Bridge 065T 

Signal Bridge Both 

Gun Deck 210T 

Gun Deck O65T 

Gun Deck Both 

0.561 Less than o.Ol 

0.481 O.oi 

0-455 0.01 

0-443 0.01 

0-527 0.01 

0.356 0.01 

2 
The values of £  indicate that significant 

differences appear in performance from night 

to night.  Note that lumping data from the 

two courses together depresses the values of 

€ , indicating the effect of an additional 

source of variability. 

For each night, the median and mean range 

for the standard discrimination was deter- 

mined for both the signal bridge and gun 

deck. A scatter plot of median signal bridge 

range vs. gun deck range for each night was 

then made. 

Results:  The median and mean* values for 

both signal bridge and gun deck are given In 

Table B-45, and the two scatters are ^re- 

sented in Figs. B-33 and B-34.  Vaiue3 of 

£ 2 (Table B-46) ware computed from the 

mean values and found highly significant 

Straight lines, described by equations 

* The means include the hypothetical values 
based upon end-of-run ranges where observers 
failed to 3eethe target at all.  This 13 
necessary here, since failure to include 3uch 
approximate values would eliminate all d*ta 
obtained under very poor visibility. 
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3.IO 
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3.20 3.30 3.40 

MEAN    LOG   RANGE 

3.50 3.60 

•      SIGNAL   BRIDGE 
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FOR EACH OPERATING NIGHT 
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Figure B-34. 
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(a) and (b), were fitted to the scatter 

plots by the method of least squares. 

(a) (means) log R^ = -60 log RgB + 1-30 

(b) (medians)log RGß = .62 log RSB + 1.20 

In these equations ^ and RSB are ranges 

from gun deck and signal bridge, respec- 

tively. 

In interpreting these data, it must be 

emphasized that meteorological visibility- 

is only one of the factors establishing the 

values obtained. Individual differences in 

observers also play a part, since only a 

few observers are included in any one night, 

and successive dates have no observers 

in common.  This is evidenced by the fact 

that the night of October 5, when visibility 

was decidedly unlimited, falls into a middle 

category. However, there was no alternative 

to employing this analysis until the data 

can be more extensively treated. 

From Flg. B-33, it is evident that median 

ranges vary considerably from night to night, 

from a minimum of 3.08 to 3.68, on the sig- 

nal bridge, and from 3.12 to 3.52 on the 

gun deck. The .60 l.u. range found on the 

signal bridge represents a spread of 4:1 

in the median range for the same target. 

Correction Factors:  For many analyses 

'it was necessary to attempt to eliminate 

the effect of visibility changes on the 

absolute ranges obtained with the 7x50x7° HH 

binocular, by developing correction factors. 

Such factors were needed so that data under 

several different visibility conditions 

could be treated together. Since mean values 

were not available when correction factors 

were first found necessary, median values 
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were employed. These correction factors 

were made by date and by observation level 

according to the markings on the scatter 

plot of Fig. B-33, and provide fixed log 

unit values which are added to each separate 

range according to date and observation 

level; they serve to yield the results which 

might have been obtained if all our data 

had been obtained under conditions of good 

visibility. That they were at least in 

part effective is indicated by the reduced 

variability in the mean log ranges given 

in the section on position effects, where 

they were necessarily employed. The effect 

of the correction is to reduce the standard 

deviation from approximately .16 log units 

to .10 log units, which is approximately the 

size of the standard deviation of a single 

night's observations. 

Meteorological Visibility: Day Runs: 

The small number of days and runs 

occurring in the day observations reduce 

sharply the variety of analyses which may 

be made. Moreover, the visibility conditions 

under which the observations were made did 

not vary exceedingly, but were relative 

homogeneous. 

The logarithmic ranges of three targets 

were selected for treatment and E2 and £c * 

calculated for correlation of ranges with 

runs and with days. High and statistically 

significant values of £ c will be associated 

with variations in visibility from run to 

run, and day to day. Where meteorological 

visibility plays a limited role, the varia- 

categories"^0?,13 f°r the Use of broad few cate^niif« iS nece33ary where only a 
(here 5 r•*3 °f one vari*ble are used inere 5 for days and 13 for runs) 

RESTRICTED 
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TABLE B-47 

£ „ ANALYSIS  OF DEFERENCES BETWEEN MEAN RANGES,   RUNS,  AND DAYS,   FOR THREE 

DISCRIMINATIONS 

Mean Log Range 

£2
C-Runs 

f2.-Days 

Discrimina- 
tion 7-G 
(4x4 Black 

Drum) 

'4.12 

0.796 

0.594 

Level of  Dlscrlmina-   Level of 
Significance tion 8-100 Significance 

(£)     (Flagpole)      (#) 

TABLE B-48 

MEAN LOG RANGES FOR EACH RUN OF EACH 

OF THREE DISCRIMINATIONS. 

DAY OBSERVATIONS 

M M 

11/21 1 4.12 4.12 

2 4.29 4.22 

3 4.29 4.01 

Discrim- Dlscrim- Discrim- 
ination  ination  inatlon 

Date  Run    7-G     8-100     D-PI 

M 

3.61 

3.51 

3-55 

11/23  1    3.94    4.01     3.44 

2 ,  4.06   4.05     3.53 

3 4.11   3.88*    3.41 

12/8   1    4.20    4.15     3.25 

2    4.09    4.05     3.45 

12/13  1    4.15    4.20     3.46 

2 4.17    4.18     3-53 

3 4.10   4.15     3.6l 

12/15  1    3.94   3.92     3.62 

*Thi3 mean is depressed by one extremely 

low value. 

(A thirteenth run was not included because 

only three men observed and data are not 

sufficient for computation of mean3. All 

other values represent four observations.) 
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4.08 

0.343 

0.261 

Discrimina- 
tion D-PI 
(Acuity 
Target) 

3.49 

0.177 

0.233 

Level of 
Significance 

(*) 

>5 

1 
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bility will not be associated with runs so 

much as with individuals, and theCc values 

will approach zero. 

The results are-given in Table B-47. 

Visibility clearly varies systematically 

from day to day and run to run, and its 

effect varies as the mean log range of the tar- 

get on which it is evaluated. Discriminations 

which can be made only at 3,000 yards are less 

affected by changes in visibility than are 

discriminations made at 12,000 yards. This 

is in keeping with the exponential nature of 

the visibility function. 

An estimate of the magnitude of the 

effect may be obtained from Table B-48 

which gives the mean log ranges of the 

three discriminations for each of 12 runs. 

It is Interesting to compute the visual 

angle subtended by the interspace of Target 

D, the orientation of which has to be called 

correctly. At 3,090 yards, viewed through 

a seven-power glass, thl3 target subtends 

an angle of 1.3 minutes, and a visual 

acuity value of .77 is obtained. 

Analysis in Terms of ß> , the Coefficient 

of Atmospheric Attenuation 

It has been shown that some system- 

u 
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atio factor which varies from observation 

night to observation night, and from day 

to day, determines in large part the numer- 

ical values of the ranges obtained. This 

factor is presumed to be the meteorological 

visibility. Although the records kept by 

the quartermasters failed to establish the 

fact, it was clear to all observers that 

on some nights, visibility was unlimited, 

and lights as distant as 30-40 miles could 

be identified, and on others, the visibility 

was 'so reduced that such nearby land as Plum 

Island was not visible and that the fort it- 

self could not be detected at ranges as 

small as 5,000 yards, so that operations were 

necessarily suspended. 

Data obtained under such a wide variety 

of visibility conditions make possible analy- 

sis of the data on Target 3-100 in terms of 

Beta, the coefficient of atmospheric extinc- 

tion, provided certain explicit assumptions 

be made. 

Analysis, data on course 210 T; Signal 

Bridge only: 

Assumption I 

The relationship: 

cx=Coe' 
•/>' 

Where Cx is the contrast of a target at range x 

C0 is the contrast of a target at range o 

e. is the base of the natural logarithm 

ß>  is the coefficient of atmospheric 

extinction 

x is the range, in sea miles 

is equally valid on a moonless night as by 

day. 

Assumption II - On the night yielding the 

highest average mean log range*, the value 

of/? should closely approximate .10, corres- 
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ponding to a daylight visual range of 

approximately 37 sea miles, which is a max- 

imum value for the operating area. 

Assumption III - That, by employing the ob- 

served range, x,  Cx of Target 3 may be cal- 

culated from the experimental results** re- 

lating log llminal contrast to log visual 

angle, with background brightness equal to 

10_if millilamberts (5.00 log^il). 

Then, C of the target may be calcu- 

lated, and a curve relatingß  to the visual 

range of Target 3-100 may be drawn. The 

value of C. so derived must be close to 

but greater (because of the Purklnje 

phenomenon) than that calculated from the 

transmission-reflectance of Target 3, as 

measured In daylight, which is .40.>. The 

curve relating ß to range must be such as 

to yield a value of ß corresponding to £-3 

miles daylight visual range for the minimum 

mean log range obtained on any one observa- 

tion night, and corresponding to an average 

"clear" daylight visual range for the aver- 

age range obtained throughout the night 

observations. Finally, a minimum number 

of ranges, or none at all, should appear 

in our total distribution of ranges requir- 

ing a value ß  = 0, or less. 

Table B-49 gives the "computations enter- 

ing into the derivation of C0, and Flg. B-35 

the curve relating ß to the range for dis- 

crimination 3-100. These results, although 

they represent only an approximation, a"- 'n 

* Both courses. Data on both courses were 
used because of the smallness of the sample 
on one course alone. 

** Figure 9 "Log Umlnal Contrast", 
Blackvell, H.R. Laboratory Studies of the 
Visibility of Targets. Minutes and Proceed- 
ings of the Army-Navy NRC Vision Committee, 
15th Meeting, 12-13 February 1945, PP- ?2"9°- 
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TABLE B-49 

CALCULATION OF ß   FROM DISCRIMINATION 3-100 RANGES 

(USING TIFFANY FOUNDATION DATA AND FORMULA C    -   "  - ~^* 

MAGNIFICATION -   7X 
V 

A.       COURSE 210T 

Range 
(Sea Miles) 

.500 

.630 

.830 

1.000 

1.396 

1.500 

1.580 

2.000 

2.395 

2.500 

2.752 

B.       COURSE 

.500 

.630 

.830 

1.000 

1.439 

1.500 

1.580 

2.000 

2.395 

2.500 

2.820 

Log Range 

3.000 

3.100 

3.220 

3.301 

3.446 

3.477 

3.500 

3.602 

3.680 

3.699 

3.741 

Contrast 0.405; average log range in yards, 3.446; maximum average 

log range in yards for any night, 3.68. 

Log 
V 

Cx  cx  ß (Sea Miles) Weather 

5721(-10)2.161 2.98 .096 3.27 1-2 Miles Thin fog-haze 

Tan 
e 

Log 
e 

(min) 

8.4721 2.061 1.05 .112 2.34 1-2  " 

8.3521 1.941 1.14 .138 1.52 2-3  " 

8.2711 1.860 1.21 .162 1.11 3-4  " 

8.1261 1.715 1.34 .219 .578 6-7  " 

8.0950 1.684 1.37 .234 .491 8   " 

8.0721 1.661 1.40 .251 .423 9-10 " 

7.9700 1.559 1.51 .324 .207 18-20 " 

7.8921 1.481 1.59 .389 -096 38 miles  Exc. clear 

7.8731 1.462 1.62 .417 -064 40-70 "   Exc. clear 

7.8215 1.410 I.69 .490 .000   -      Vacuum 

Thin fog-haze 

Haze-light haze 

Light haze 

Light haze-clear 

Clear 

Clear 

Very clear 

065T    Contract, 0.575; average log range in yards, 3-459. 

3.000    8.5271    2.116 1.01 .102 3.46 1-2 miles Thin fogrhaze 

3.100 8.4271 2.016 1.08 .120 2.48 1-2 

3.220 8.3071 I.896 1.18 .151 1.61 2-3 

3.301 8.2261 1.815 1.25 .178 1.18 3-4 

3.459 8.0681 1.657 1.40 .250 .578 6-7 

3.477 8.0500 1.639 1.42 .263 .521 7-8 

3.500 8.0271 1.616 1.45 .282 .452 8-9 

3.602 7.9250 1.514 1.56 .363 .230 16-18 

3,680 7.8471 1.436 1.66 .457 -096 38 

3.699 7.828I 1.417 1 68 .479 -074 40-70; 

3.751 7.7765 1.360 I.76 .575 -000 

Thin fog-haze 

Haze-light haze 

Light haze 

Light haze-clear 

Clear 

Clear 

Very clear 

Exc. clear 

Exc. clear 

Vacuum 

accord with the criteria which have been set 

up.  They indicate that the present results 

are in reasonable agreement with laboratory 

data, and should yield, if the time and 

money are available for this analysis, data 

of substantial utility in visibility. 

Analysis, Data on Course 065 T: 

If one additional assumption is made, 

C of Target 3 on course 065 T, which, It 
0 

will be remembered, Is greater than on 
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WEATHER 

DAYLIGHT 
VISUAL 

RANGE IN 
NAUTICAL 

MILES 

HAZE 

LIGHT  HAZE 

CLEAR 

VERY   CLEAR 

EXCEPTIONALLY CLEAR 
EXCEPTIONALLY CLEAR- 

3.2       3.3       3.4 

LOG    RANGE  - 

3.5      3.6 

YARDS 

3.7      3.8 

    COURSE   065°T 

    COURSE    210° T 

BETA    AS   DETERMINED  FROM THE 
MEAN   LOG  RANGE OF TARGET 3"I00  USING 

7X50X7   ° H.H. BINOCULARS 

Figure B-35. 
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course 210 T, may be computed,  and on anal- 

agous table and graph derived.    This assump- 

tion Is that the value ofß corresponding to 

the average of all observations on course 

065 T must be Identical with that corres- 

ponding to the average of all observations 

on course 210 T,   since runs were alternated. 

Table h-h9 and Fig.  B-35 give the results 

obtained when this assumption is made. 

These are In good conformity with the find- 

ings,  and show that,  in all cases,   the range 

of Target 3-100 should be slightly greater 

on course 065 T. 

TABLE B-50 

EXTREME RANGES AT WHICH 

DISCRIMINATION 3-100 WAS REPORTED 

Log Range, Yards 

3.70 

3.70 

3.71 

3.71 

3.72 

3.73 

3.76 

3.77 

3.77 

*3.80 

*3.85 

*3.90 

Course (T) 

065 

210 

065 

210 

065 

210 

065 

065 

065 

065 

065 

210 

* Impossible 

That this analysis is nearly, but not 

quite, adequate to the data is indicated by 

the contents of Table B-50, which are the 

extreme ranges at which discrimination 
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3-100 was made. Only six of 172 reports 

give values requiring ß to be zero. These 

are almost all on course 065 T, and are only 

slightly .over the theroetical maximum.  It 

is suggested that with further analysis of 

the data, these extreme values may be 

fully accounted for. The analysis seems 

basically sound. 

Reliability of Independent Evaluations of ft : 

With the results of the graph of 

Fig. B-35, it is possible to determine for 

each night the value of ß  for the mean 

log ranges of the observations on course 

210 T, and on course 065 T, and to deter- 

mine the reliability of such estimates 

from the two independent samples of each of 

the 21 nights. The coefficient of correla- 

tion obtained from 21 nights (with several 

runs determining the average on each course 

each night) is found to be .56 for signal 

bridge data and .52 for the gun deck. While 

these are not high correlations, they are 

of the same order of magnitude as that 

presented earlier, between gun deck and 

signal bridge data on single run3, which 

also gives an estimate of the contribution 

of visibility to the results. When the 

large effect of individual variability is 

considered, It is a very satisfactory index 

value indeed. 

Discussion: 

The analysis which has been presented 

is based upon many assumptions, and it can 

hardly be said that the findings validate 

the laboratory results* on visibility in 

* e.g., the present results are based on a 
7-power binocular; the Tiffany data on 
naked-eye observations. The field test has 
established the 7x50x7° naked-eye range ratio 
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full.    Clearly,   the Identical analysis 
t 

should be made for each target, and for 

each optical instrument, so that a more re- 

liable value of ß may be established for 

each night of observation.  If many such 

evaluations of ß can be obtained, it should 

be possible, on the one hand, to eliminate 

visibility as a source of variability in 

the data, permitting more satisfactory 

secondary analyses, and on the other hand, 

to evaluate the performance of each instru- 

ment under several conditions of visibility. 

B. Wind: 

Wind proved to be a problem on only one 

course, 210 T, since the prevailing winds 

of the operating area proved to be southerly. 

An analysis has been made of 7x50x7° -HH log 

ranges on 25 runs in vhioh the wind exceeded 

5 knots, and blew in the faces of the 

observers, and 30 runs where the wind veloc- 

ity was less than 5 knots, or where its 

direction was such that it did not bother 

the observers. The results are given in 

Table 3-51. 

TABLE B-51 

THE EFFECT OF WIND 

Wind 
Number     Mean 
of Runs  Log Range  S. D. 

None 30 

Five knots or more 25 
3.43 

3.t3 

0.13 

0.18 

The wind had no effect on the mean 

ranges obtained but, on the other hand, it 

did Increase variability. 

as 2.5. It is apparent, then, that the 
thresholds obtained at Tiffany are corres- 
pondingly lower by .1(0 log units than those 
here reported. 
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TABLE B-52 

BRIGHTNESS DATA 

Mean 
(log micro- 

micro 
lamberts) SD     Range 

1. Sky Brightness 

above fort     5.1    0.20 k .6 - 5 5 

2. Sea Brightness 

below horizon 

at fort        If.7    0.1»0 k.X  - 5.5 

Mean log sky/sea ratio     o.ifo 

Mean sky/sea ratio ^,50 

Range sky/sea ratio     0 - 8.50 

In one instance, the wind had a very 

serious effect.  On the night of Oct. k-$, 

the wind was the strongest and most diffi- 

cult encountered throughout the experiment. 

The staff officer's log is quoted: 

"Wind was very bad on all Constel- 

lation Rock runs. It bothered some of 

the men to the extent of causing ex- 

cessive watering of the eyes and probably 

interfering with their observing.  The 

wind and cold were sufficiently punishing 

that we couldn't have made any more runs 

on that course, and the boys weren't too 

happy about making the last one." 

The block being run on this course on 

the date in question was M(l)D, and when 

the data were analyzed, it was evident that 

something wa3 very awry with it: two 

high-powered instruments behaved extremely 

poorly, the 20x120x3° giving a RRP of 120, 

and the 10x70x7° one of 102. In view of the 

officer's comment(and this was the only in- 

stance in which such comment was made), and 
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the striking anomolous results, the data from 

this block were not included in combined 

RRP curves. 

C. Sky Brightness: 

No comprehensive analysis of the data 

with respect to sky brightness and sea 

brightness, as measured by the O'Brien Low 

Level Photometer is presented. 

Data on brightness as measured over 12k 

runs by crew members, are summarized in 

Table B-52. 

The mean values are in good agreement 

with those obtained elsewhere, but the sky 

brightnesses obtained occasionally are 

greater than those reported for moonless 

nights. 

The analysis which must ultimately be 

performed on the data should relate the visi- 

bility of targets to sky brightness and to 

the sky-sea brightness ratio, and both of 

the latter to meteorological visibility and 

cloud-coverage, on which data are also 

available. 

' INDIVIDUAL DIFFERENCES 

In all, 76 different individuals served, 

at one time or another, as observers. The 

number of observations made by each varied 

widely, as did the visibility conditions 

under which observations were made, so that 

a large body of comparable data is not yet 

available on each man. Consequently, analy- 

sis of the data does not yet permit any ex- 

tensive comparison of the results of the 

tests given the observers with the RRP de- 

rived from field performance. 

General Characteristics of Observers: 

Enlisted Men: The fifteen men of the orig- 

inal group of observers were all candidates 

for Submarine School, for which they were 

physically and psychologically qualified 

With two exceptions, they had had extensive 

sea experience on surface craft. The re- 

maining '19 enlisted men were all experienced 

submarine men. With'the possible exception 

of a few of the older men, all had been 

through the rigorous selection program for 

submarine duty. 
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The average age of 59 of the 6k  enlisted 

men was 23.1 years; the average GCT of 50* 

of them was 59.7. Almost all the men were 

petty officers; their distribution by rate 

is given in Table B-53. 

The enlisted men, then, constitute a 

homogeneous group, superior to the Navy 

average in intelligence (as measured by 

the GCT), experience, and rating. 

Motivation: Although almost every observer 

was about to be discharged, they remained, 

as a group, well motivated, but only as a 

result of extremely careful handling. 

Experience: k2  of the 6k  had attended 

Lookout School and kO  had stood lookout or 

quartermaster watches. 17 had had neither, 

and only 6 of these did not get the inten- 

sive program of training followed at the 

beginning of the program.  This group was 

formed into two 3-man sections, b and c, 

which made many observations, and whose 

performance could be compared with that of 

»Data was not available on the others. 
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TABLE B-53 

DISTRIBUTION OP ENLISTED OBSERVERS BY RATE 

First Class 

Second Class 

Third Class 

S I/o  (QM) 

P 1/c 

Total 

TM 

1 

GM QM 

1 

4 

4 

Rate 

SM FC 

3 1 

3 

the others. 

Technically Qualified Observers: 

All 12 technically-qualified observers 

were skilled in precise visual observations 

under laboratory conditions.    They were 

professional men,  including physiologists, 

psychologists, and physicists.    Four of the 

five naval officers and a like number of the 

seven civilians were young men in their late 

twenties or early thirties.    None had had 

extensive practical experience. 

Results on Test Battery: 

With a few exceptions, almost all the 

76 observers received the full battery of 

tests.    The results,  for the group,  are 

given in column 1 of Table B-55,  and they 

may be compared with the average of large 

naval populations in column 5 of the same 

table.    The observers constitute a superior 

group with respect to almost every measure 

made. 

Criterion of Performance: 

In attempting to evaluate the perform- 

ance of the observers,  certain difficulties 

arose from the varying meteorological 

visibility and th.  great discrepancies 

EM 

2 

2 

5 

MoMM 

2 

6 

4 

RM 

5 

1 

RT 

1 

PhM 

1 

Total 

12 

30 

17 

4 

1 

64 

234 

among the observers with respect to the 

number of runs on which each observed. 

Difficulty also arose from  the necessary 

practice of employing observer-recorder 

teams.    A poor recorder,  who failed to 

prompt carefully,   tended to handicap the ob- 

server in his reports.    As a consequence,  it 

was very difficult to obtain satisfactory in- 

dices of performance,   permitting the grading 

of the observers with respect  to their abil- 

ity in the  task. 

However,  it is possible to show that 

statistically significant individual dif- 

ferences exist,  and an attempt was made to 

select,  by several statistical devices, 

those men whose performance  tended to be out- 

standingly good,  and those whose performance 

tended to be poor. 

(1) The existence of stable individual dif- 

ferences:    By use of the  £     technique,  it 

may be shown that there are  significant 

differences among the mean log ranges mode 

by the observers.    This statistical method 

was applied to the 3-100 log ranges after 

the corrections for visibility and obser- 

vation post,  described earlier,  had been 
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applied.    The value of £ d obtained was 

0.414,  which is significantly greater than 

0 at less than the Vf> level of probability. 

(2) The selection of superior and inferior 

observers:    Several different methods of 

analysis were employed in separating indi- 

viduals of superior and inferior perform- 

' ance.    The results produced by one method 

were not necessarily in close agreement 

with those of another.    As a consequence, 

three different methods were used,  and 

the final lists of "best" and "poorest" 

observers were established on the basis of 

all three methods.    The individual was 

placed on the "good"  or "poor" list only 

when he was  so classified by at least two 

of the three methods.    These methods were: 

Method A:    The mean of the mean log ranges 

for 73 different individuals,  when the 

corrections had been applied,  was 3.52 

log unit3,  with a standard deviation of 

.12 log units.     Individuals whose mean 

ranges fell more than 1 standard deviation 

away from the mean,  were classified "good" 

or "poor" according to the direction. 

Method B:    Those individuals obtaining, 

on any night,  7x50x7° ranges on 3-100 

which were  ,20 log units or more  (approxi- 

mately 1.25 S.D.)  greater and less than 

the median range of the night's runs were 

classified "good" and "poor",   respectively. 

Method C:    A set-by-set census of the Latin 

Square results on each discrimination (ex- 

cluding positive identifications*) on which 

Positive identification data were not con- 
sidered since apparent differences among 
observers would be based in part on the 
Particular criterion each used in positively 
identifying a target,   so that consistent dif- 
ferences which appeared would bo based on 
non-visual differences. 
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F-values for inter-observer variance were 

significant at the 53S and Vf,  levels were 

made. The number of times each man appeared 

as best or worse in these squares where 

significant differences appeared was enum- 

erated, and some men were classed "good" 

and "poor" accordingly. 

When all three sets of lists were com- 

pared, 9 observers were classed as "good" 

and 13 as "poor". 

A third sub-group was also found. This 

group of 4 men must be classed a3 "variable". 

They appeared, in fact, more than once in 

both "good" and "poor" lists.  This seems 

to be a genuine phenomenon; one can observe 

the variability in the data themselves. 

One man, an observer in set VD, obtained 

ranges In the last three runs of the set 

only half as great as those obtained in 

the first three runs. Approximately three 

weeks separated the two groups of three 

runs, but this had no effect on the ranges 

of the other five observers. It has not 

been possible to relate the variability of 

these four men to any systematic factor. 

Performance and Test Scores: 

Columns 2, 3, and 4 of Table B-54 

give the mean scores on several of the tests 

of the battery by each of the three groups 

distinguished, and the number and percentage 

of men of each group falling Into various 

categories on others, together with the 

results on the whole group, for purposes 

of comparison. 

The table yields suggestive results: 

the "poor" men and the "good" men dis- 

tinguish themselves in phorla measurements, 

with the "good" men showing no phorla, and 
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the "poor" men a higher Incidence of hyper- 

phoria and esophoria, and on the RPA test 

which only one "poor" man failed but on 

which the extraordinarily high percentage 

of 67$ failed to score 10/10 on a first 

administration of the test (tetrachoric 

"r" - .91). A high percentage (33#) of 

the officers and technical observers appear 

on the "poor" list. 

These results are suggestive only, and 

further work, directed at partialing out 

the effect of recorder differences and 

visibility, must be performed before final 

conclusions may be drawn. 

Training: 

The results on training await analysis, 

Preliminary findings indicate that the mean 

ranges of relatively untrained men stai-t at 

TABLE B-54 

TEST SCORES AND PERFORMANCES ' 

OF OBSERVERS 

All 

1 

. Observers 
(N = 76) 

2 
"Good" 
Group 
(N = 9) 

3 
"Poor" 
Group 

(N = 13) 

4 
"Variable" 

Grout) 
(N =   k) 

5 
General 

Navy 
Population 

Test or Measure No. M         SD No. M No. M Ho. M M SD 
1.    Age*  (years) 59 23.1    3-3 8 23.0 9 21.6 k 21.0 - - 
2.    GCT*   (Score) 50 59.7    7-9 6 58.8 8 61.9 k 60.3 50.0 10.0 

3.    Interpupillary 
Distance (mm) 73 64.7   3-0 9 64.5 12 64.6 k 61.3 64.5 2.5 

4.    Pupil Diameter (mm) 46 6.9   1.0 6 6.7 9 6.6 k 7-5 7.4 0.8 
5.   Far Acuity 

(Right Eye) 73 1.09 0.17 9 1.07 11 1.10 k 1.13^ 1 
6.    Far Acuity 

(Left Eye) 73 1.07 0.16 9 1 05 11 I.07 k l.löj 
> 1.05 0.03 

7.    ROM Adapt. 72 2.45 0.20 9 2.48 12 2.39 k 2.36 2.4 0.2 
*No civilians or officers 
included in average. 

No. % No.  %            No.  £     No.  <f, 
No. Mak- Mak- No.Mak- Mak- No.Mak- Mak- No.Mak- Mak- 
(to- ing ing (to- lng lng(to- lng ing(to- ing lng 
tal) Score Score tal) Scr.Scr.tal) Scr.Scr.tal) Scr. Scr. 

1. Hyperphorla present 73 6 8.2 9 0 0 

Exophoria present 73 15 20.5 9 0 0 

Esophoria present   73   8  13.7   9 0  0 

11 2 18 

11 1 9 

11   3    27 

4 

4 

a 

0 

0 

0 

0 

0 

0 

No 

Data 

Available 

2.     RPA Score 10/10 72 4R to  K r, <r ,?„ / (4 45 62.5 9 6 67        12    4    33        3      3    100        60 (app.) 
RPA Score 16/20- 

19/20 72 24 33.3 9 3 33       12   7   59       30       0       30 (APP.) 

RPA Score 15/20 
.Less   (Fail) . 72 3 4.2 9 0 0         12    1       8         3       0         0         10   (app.) 
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TABLE B-54   (CONTINUED 

Ho.     % 
No.  Mak- Mak-      No No <K »1 ~, 

(to-  ing    ing      (to- in" in il°' ?°- *      ,Ko-  No-    * 
Test or Measure        tal)Score Score tal* Gro G• £»°\ S* „in    (toT in    in 

' wp- GrP* tal) Grp.Grp. tal) Grp.Grp. 

3. Officers and 
Civilians 

4. Enlisted Men 

76 12 15.8 

76 64 84.2 

9 

9 

5. L. 0. School   64* 7 10.9 

L. 0. or QM 
Watch 

Both 

Neither 

64 24 37.5 

64 16 25.0 

64 17 26.6 

1 11  13 4 30.6 4 0  0 
8 89  13 9 69.4 4 4 100 

1 12 5 9 1 11.1 4 1 25 

3 39.5 9 4 44.4 4 2 50 
2 25   9 3 33.3 4 0  0 
2 25   9 1 11.1 4 1 25 

* Enlisted men only. 

approximately half the means of experienced 

groups observing simultaneously, but that 

they rapidly (over several runs) climb to 

the average value. 

Special Analysis: Pupil Diameter: 

Special treatment was accorded the re- 

sults on pupil diameter, since this might 

be expected to relate to performance with 

instruments of varying exit pupils. 

The 45 men whose dark-adapted pupil- 

TABLE B-55 

MEAN LOG RANGES (3-100) OBTAINED WITH BINOCULARS VARYING IN 

EXIT PUPIL, BY OBSERVERS HAVING VARIOUS DARK- 

ADAPTED PUPIL DIAMETERS 

GROUP 
Pupil Diameter 
in Millimeters Total 

Number 
of Men 

10x50x7° 
MTD 

10x70x7° 
MTD 

10x80x7° 
MTD 

I 7.51+ 12 a. 5 3.61 3.74 3.78 

b. 8 3.60 3.69 

II 6.51 - 17 a. 5 3.62 3.66 3.69 

7.50 b. 7 3.66 3.71 

III 5.51 - 14 a 0 

6.50 b. 4 3.67 3.77 

IV 5.50 and less INSUFFICIENT DATA 
* 
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diameters were measured* were" divided into 

four groups on the basis of pupil size. The 

mean performance on three mounted binoculars, 

10x50x7°, 10x70x7°, and 10x80x7°, of those of 

each group who had used them, was calculated 

after the correction for visibility had been 

made. The results are given in Table B-55. 

These data permit no conclusions to be 

drawn.  It is not at all evident that the 

three groups systematically perform different- 

*By Dr. I. B. Wagman, of the Johnson 
Foundation for Medical Physics. 

It is unfortunate that time was not 

available to permit more thorough analysi 

the data, with extension to other dlscrlmln 

tlons from this point of view, since, it viu 

be recalled, pupil diameter seemed the only 

variable related to the findings on interac- 

tion. 

Interaction: 

It has not been possible to extend the 

findings on interaction to men other than 

those of sections A and F. 

FINAL DISCUSSION 

This report has presented the results 

of an ambitious program of field experimen- 

tation.  These results, with respect to the 

basic problem under investigation, are un- 

equivocal, yet several secondary problems 

remain unsolved, either for lack of data, 

or for lack of time to evaluate them. 

Certain new phenomena appear in the data 

which call for further investigation. In 

any event, certain clear-cut conclusions 

with respect to the feasibility and require- 

ments for field experiments may be drawn 

from the experience with this one. 

It may be stated that a properly de- 

signed and executed field experiment can 

produce meaningful and useful data even 

on problems where laboratory control is 

difficult. To achieve this, however, the 

experiment must be planned to produce 

results on the specific problems in ques- 

tion. Incidental data may be obtained on 

problems not directly related to that 

under investigation, but they will neces- 
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sarlly not be so satisfactory as they 

would have been had the experiment been 

designed to study them. 

The advantages of a field experiment 

have been presented in the introduction to 

this report. The results of thi3 experi- 

ment emphasize the advantages cited, in 

that they are practical and realistic, 

have direct application to the problems 

posed, and require a minimum of interpre- 

tation. 

From experience with the present ex- 

periment, it is clear that, in many re- 

spects, the technique can be further im- 

proved. A larger group working on sta- 

tistics would enable the data to be treated 

fully almost concurrently with the execution 

of the experiment, and so improve efficiency 

In the scheduling of it, and bring to light 

phenomena requiring further investigation 

as soon as they appeared, permitting study or 

control of them to begin immediately. 

Again, if such experiments are per- 
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formed in the future, very substantial 

targets should be provided and consistent 

and reliable methods of measuring vlsl-- 

bility used, if only in terms of the per- 

formance of a small group of men always 

using a standard glass. But on the whole, 

despite such shortcomings of technique 

and the grave difficulties encountered 

owing to demobilization, which interfered 

greatly with the original plans, the method 

employed has been eminently successful. 

The results of this study point to 

three suggestions for future work: (a) fur- 

ther analysis of the present data, (b) spe- 

cific phenomena noted in the results 

which should be subjected to further study 

both in the field and In the laboratory, 

and (c) establishment of a permanent field 

station where such studies can be under- 

taken routinely. 

Further Study of the Present Results: 

Before further field work on binoculars, 

visibility, or other visual variables, 

should be undertaken, It is proposed that 

these data, which have only been partly 

treated in the report, be subjected to 

further intensive analyses, along the fol- 

lowing lines: 

(1) A complete visibility analysis, on 

each discrimination, and all the instruments 

should make It possible to establish the 

most probable value of ß  for each night's 

operations.  This analysis should take 

into consideration the measured sky- 

brightness of each date, and the trans- 

mission and contrast rendition of each 

binocular. 

(2) With visibility values available, the 
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data should be corrected throughout to 

equate each run with respect to visi- 

bility. 

(3) The corrected data should then be anal- 

yzed for observer-recorder differences, 

and a fresh effort made to evaluate ob- 

servers, and at the same time, to obtain 

"individual" corrections. The problem of 

interaction should be re-examined in the 

light of these findings, and an attempt 

made to extend interaction analysis to 

other individuals and Instruments. 

(4) When individual corrections have been 

applied to the data, each optical instru- 

ment should be re-evaluated. 

Problems Requiring Further Field Research: 

Certain of the results clearly show 

new phenomena on which further research 

Is needed. Again, certain other of the 

results are incomplete, and should be 

extended. 

Interaction: The finding that the same 

binocular may be better or worse than 

another, depending on who is using it, is 

an important one, In that it has implica- 

tions not only for optical design, but 

also for the selection of personnel to 

use a particular instrument. This experi- 

ment should be repeated and extended, with 

the use of a much larger group of subjects, 

and with measurement on each observer of 

such visual variables as the extent of 

the blind spot, the constants of the 

areal function, and the acuity functions 

at low levels of illumination. The design 

of the experiment must be such as to estab- 

lish whether superior observers consistently 

perform better on a particular instrument, 

2^9 
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and to discover the underlying retinal 

variables which lead to a preference for 

one or another binocular. The series 

of binoculars studied should also be ex- 

tended, in order to determine the limits 

within which the interaction effect may- 

reduce the superiority of an instrument. 

The establishment of the fact of 

observer-instrument interaction is one of 

the most important of this experiment, 

both in its practical Implications and 

its theoretical significance. 

Search and Field Size: The present study 

on search is not fully satisfactory, since 

it proved that the manoeuvers required of 

the observation vessel did not provide for 

search of a sufficiently wide sector of 

the horizon, so that it is not impossible 

that an advantage possessed by wide-field 

binoculars may have been obscured. Such 

an advantage may have determined the find- 

ing that instruments of high magnification, 

which all had relatively small fields, did 

not show, in the search problem, the advan- 

tage displayed where the targets to be 

detected always appeared in known positions. 

Thus, it appears that not only should the 

operational problem be altered, but also 

that a rather different series of instru- 

ments than were available should be used. 

Provision of internal field stops and objec- 

tive stops to standard instruments should per- 

mit the manufacture of a series of instruments 

of the same powers, 7 and 10, with the same 

exit pupils, but of two, and possibly three, 

field sizes. Such a series might include: 

(From the 7x50x10°): 
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1. 7x42x3°; 2. 7x42x7°; 3- 7x42x10°. 

(From the 10x80x7°): 

4! 10x60x3°; 5. 10x60x7°. 

6. 20x120x3° 

If such instruments could be procured, it 

should be possible to obtain unequivocal 

results. 

Fixed Focus: Further studies of fixed 

focuses should be made on large populations 

of observers, with a view of relating 

performance-preferred focus to variations 

in refraction of the observers1 eyes, and 

to their focuses as measured by several 

methods. The effects of fatigue and eye- 

strain should be investigated.. 

A Permanent Field Station 

If there existed a station at which 

field studies were routinely undertaken, 

not only could the problems outlined above 

be expeditlously studied, but any anomolies 

of performance of optics or men could be 

immediately taken under investigation, 

with a consequent elimination of doubt with 

respect to the validity of findings. 

Certain of the presented results, such as 

the difference in the performance at night 

of the 10x50x7° on the signal bridge and 

on the gun deck could be accounted for In 

short order. The observing personnel of 

such a station not only could be very 

thoroughly studied in the laboratory so 

that relevant properties of their retinas 

could be known, but also, being experienced, 

they should turn out data much more con- 

sistent than observers whose experience 

is shorter, and motivation less 3table. 
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FIELD TEST3  OF OPTICAL INSTRUMENTS NAVORD REPORT 77-J|g 

APPENDIX    C 

Appendix C presents, in tabular form, 

relevant data on each set of runs of the 

experiment. 

These data include: 

a. The instruments tested,their mode of use 

(1. e., HH, Indication of fixed focus, etc.) 

and their 3erial numbers when available. 

b. The position on the bridge in which each 

was employed. Where the instruments system- 

atically shifted position is indicated by 

the word "varied." 

c. The 90%*  and 50%*  RRP's of each instru- 

ment, as determined in the set. 

d. The serial numbers of the runs of the set. 

e. The sets which were being performed simul- 

taneously on each run. This information is 

not given for day runs. 

f. The date on which each irun was made. 

g. The number of the run for that date, 

h. The course of the run. 

i. The presence of wind greater than five 

knots, blowing into the observers' faces, 

is denoted by W. 

j. The observer's name. On night run3 the 

name of the observer who used the 7x50x7°HH 

binocular on each run appears opposite the 

number of the run.  In day runs the observer 

212 

listed is not necessarily the one who made 

the observation opposite his name, 

k. The 7x50x7°HH range (in yards) for target 

3-100 on each run. 

1. Designation of the search target, and the 

lOOjg range of sighting, with the 7x50x7°HH. 

m. A tabular summary of results of the anal- 

ysis of variance, giving the total number of 

discriminations on which the analyses were 

made, and the number of these on which signi- 

ficant F-values were obtained, with respect 

to differences between runs, between instru- 

ments, and between observers, 

n. The discriminations of closest range made 

on which data were sufficiently complete for 

analysis. 

o. Mean 7x50x7°HH ranges, in yards, for each 

discrimination. Each mean includes results of 

all six runs, with a different observer on 

each. Where visibility prevented the collec- 

tion of sufficient data to compute, this is 

indicated by the letters N. S. D. (not suffi- 

cient data). 

These tables should enable Interested 

persons to recompute 3ome of the result», or 

to attempt further analysis of their own. 

* Referred to as .90 and .50 RRP's in text. 

RESTRICTED 

APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR      SETBA 

SUMMARY OF INSTRUMENTS 

7x50x7 HH 

7x50x7 Htd. 

10x50x7 Mtd. 

7x50x7 VFA 

7x50x7 HHR 

10x50x7 HH 

144989 

146576 

3 

259896 

kg 

Position 90% RRP 5056 RRP 

5 83.0 100.0 

2A 97.5 115.0 

2 109.5 127.5 

4A 98.5 116.8 

6 95.0 112.0 

1 83.0 100.0 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind 1S Observer 

Sect. A 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

80 Fb-1 10-9 9 065 - Casper 4200 SM 3250 

82 Fb-1 10-9 11 065 W Anderson 1900 SM - 

83 Fb-1 10-10 1 210 - Coleman 3200 SC 4430 

89 Fb-2 10-10 7 O65 w Brau 3300 SM - 

91 Fb-2 10-10 9 065 w Atchlson 5280 SM - 

103 Fb-2 11-1 5 210 - Barberlo 3750 SC - 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Slg. 5*   1% Not Sig. 5%        X% Not Sig. 5%        1% 

Target IG and 100 

Other Discriminations 

2 

1    3   6 

1        1 

12   7 

2 

8    2 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

12 

12 

12 

12 

12 

Closest Discrimination Calculable:   6PI 

ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 
discrimination Mean Range(yds) Discrimination Mean Range(yds) Discrimination Mean Range(yds; 

1-G 8525 4-G 4358 

1-100 7642 4-100 3050 

1-PI 4830 4-PI 2233 

3-G 5610 6-G 3772 

3-100 3605 6-100 2438 

3-PI 2233 6-PI 1677 
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APPENDIX C 

Appendix C presents, in tabular form, 

relevant data on each set of runs of the 

experiment. 

These data include: 

a. The instruments tested,their mode of use 

(1. e., HH, Indication of fixed focus, etc.) 

and their serial numbers when available. 

b. The position on the bridge in which each 

was employed. Where the instruments system- 

atically shifted position is indicated by 

the word "varied." 

c. The 9Q%*  and 50#* RRP's of each instru- 

ment, as determined in the set. 

d. The serial numbers of the runs of the set. 

e. The sets which were being performed simul- 

taneously on each run. This information is 

not given for day run3. 

f. The date on which each jun was made. 

g. The number of the run for that date, 

h. The course of the run. 

i. The presence of wind greater than five 

knots, blowing into the observers' faces, 

is denoted by W. 

j. The observer'3 name. On night runs the 

name of the observer who used the 7x50x7°HH 

binocular on each run appears opposite the 

number of the run. in day runs the observer 

242 

listed is not necessarily the one who made 

the observation opposite his name, 

k.    The 7x50x7°HH range  (In yards) for target 

3-100 on each run. 

1.    Designation of the search target, and the 

100$ range of sighting,  with the 7x50x7°HH. 

m.    A tabular summary of results of the anal- 

ysis of variance,  giving the  total number of 

discriminations on which the analyses were 

made, and the number of these on which signi- 

ficant F-values were obtained,  with respect 

to differences between runs,  between instru- 

ments, and between observers, 

n.    The discriminations of closest range made 

on which data were  sufficiently complete for 

analysis. 

o. Mean 7x50x7°HH ranges, in yards, for each 

discrimination. Each mean includes results of 

all six runs, with a different observer on 

each. Where visibility prevented the collec- 

tion of sufficient data to compute, thl3 is 

indicated by the letters N. S. D. (not suffi- 

cient data). 

These tables should enable Interested 

persons    to recompute some of the results, or 

to attempt further analysis of their own. 

*    Referred to as  .90 and  .50 RRP's in text. 

RESTRICTED 

APPENDIX C 

DATA 

Instruments 

ON      RUNS      FOR      SETBA 

SUMMARY OF INSTRUMENTS 

7x50x7 HH 

7x50x7 Mtd. 

10x50x7 Mtd. 

7x50x7 VFA 

7x50x7 HHR 

10x50x7 HH 

14^989 

146576 

3 

259896 

49 

Position 

5 

2A 

2 

4A 

6 

1 

90% RRP 50% RRP 

83.0 

97.5 

109.5 

98.5 

95.0 

83.0 

100.0 

115.0 

127.5 

116.8 

112.0 

100.0 

Runs Slmult. 
Set 

Date No. on 
Date 

Course 
RANGES 
Wind Observer   Target 

Sect. A    3-100 
 Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

80 

82 

83 

89 

91 

103 

Fb-1 

Fb-1 

Fb-1 

Fb-2 

Fb-2 

Fb-2 

10-9 

10-9 

10-10 

10-10 

10-10 

11-1 

9 

11 

1 

7 

9 

5 

065 

065 

210 

065 

065 

210 

Casper 

Anderson 

Coleman 

Brau 

Atchison 

Barberio 

4200 

1900 

3200 

3300 

5280 

3750 

SM 

SM 

SC 

SM 

SM 

SC 

3250 

4430 

SUMMARY  OF OCCURRENCE OP SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.  5* 1* Not SlK.   5%        1% Hot SI*.   556        1% 

Target IG and 100 

Other Discriminations 1          3 

2 

6 

1                     1 

12        7 

2 

8          2 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

12 

12 

12 

12 

12 

Closest Discrimination Calculable:       6PI 

ARITHMETIC  MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
Discrimination Mean Range(yds) Discrimination    Mean Range(yds) Discrimination Mean Range(yds) 

1-G 8525 4-G                   4358 

1-100 7642 4-100               3050 

1-PI 4830 4-PI                 2233 

3-G 5610 6-G                   srCi 

3-100 3605 6-100                2438 

3-PI 2233 6-PI                 1677 
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DATA      ON      SUNS       FOR       SETBB 

STTMMARY 0? INSTRUMENTS 
Instrument Position 90% RRP 50% RRP   I 

-xs1*: HH 

"xSJx? Mtd. 

10x-0x~ Mtd. 

~x*Ox~ VFA 

"X-Ox" KHR 

'.Ox*ÖX- HH 

3 

;o 

2A 

2 

4A 

1 

6 

RANDOMIZING 

OFF 

EXCLUDED 

RANGES 

Swis 
"s#t 

Date No.  on 
Date 

Course Kind Observer 
Sect.    3 

Target 
3-100 

Rarj:e(vds) 

Search 
Targe z 

Search 
Rar^-e 
(yds) 

— ss-i 10— £ 6 0Ö5 V Hughs 21CO SO - 
,5* ?s-i 10- ? 10 210 V Jsgelevskl 46co SO - 

1 
S&-1 10-10 0 o6j - Ss=fcrd Z.?:? SM - 

i"&- - * ^— " "* - 065 - reiersen 503C SK - 

55 ?&-0 10-10 c 065 - Parker 35:3 50 -I.: 

:o* S&-; 11-1 6 Ocr - Bruces I?:-: SK - 

Swiss OF OOOTSF.SK OE *T 3X 3X3 -EICA.T0 "7 i A3." "E3 oz; z is or ?•> 
! R\xs 1 1         izs ~n. 3 

»C"t Si c   5* .* !\ " t  S Ir. =t 1* Krr Sir.   = 1        li 

.-K»^- «, j-« --                         I                      !                       i 

TCMI r.«*c?i3iirA:iÄs O-slc'-lsi-l;-                                                                                     j 

1                                   1                                     1 

Clcsfs; 0:.s^r-.a.rÄ-i«r. 0sl"--5.i-lf; 

i... f cr.S.. 

5A-.; 

ASS; 

»•* 

ITH?E?IO ysr-vag ~ x ~: x ~ s? ~Y "S"rxrsA"." 
f • ?'-'-•-.=.-' --    v-jsr. ?£r.r? ,"--=1 

;^A; 

A;- < 

APPENDIX C 

DATA       ON      RUNS      FOR      SET 
BD 

Instruments 

1. 7x50x7 HH HI9S9 

2. 7x50x7 Mtd. 11(6576 

3- 10x50x7 Mtd. 3 

f. 7x50x7 VFA - 

5- 7x50x7 HHR 259896 

6. Iox50x7 HH 49 

SUMMARY OP INSTRUMENTS 
Position 90% RRP 50% RRP 

1 

2A 

2 

4A 

5A 

6 

86.0 

105.5 

122.5 

110.5 

103.0 

91.5 

100.0 

117.0 

135.2 

122.8 

H3.5 

101.0 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. D 
Target 
3-100 

Ranee(yds) 

Search 
Target 

Search 
Range 
(yds) 

62 Fe-1 10-7 7 210 W Louderbach 3020 SO 2500 

61 Fe-1 10-8 1 210 W Zachmann 1800 SC 2800 

66    " Fe-2 10-8 3 210 W Roark 1920 SC 2600 

68 Fe-2 10-8 5 210 W Klooz 1550 SC 2600 

70 Fe-2 10-8 7 210 W Shoemaker 1900 SC 1000 

92 Wg-1 10-11 1 210 V Ritter 3550 SC - 

SUMMARY OF OCCURRENCE CI SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sie.   5% If* Not Sie.   5%        1% Not Sie.   5*       1% 

Target IG and 100 

Other Discriminations 1           1 

2 

8 

2 

1          7 

1          1 

3          16 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

12 

10 

12 

12 

12 

Closest Discrimination Calculable:    5-PI 

ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
Discrimination Mean Range(yds) Discrimination Mean Range(yds) Discrimination Mean Range(yds) 

1-G 4193 1-G 2377 

1-100 3512 4-100 1808 

1-PI 2715 4-PI 1492 

3-G 2782 6-G 18Q2 

3-100 2293 6-100 1538 

3-PI 1635 6-PI 1573 
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DATA      ON      RUNS      FOR      SETBE 

SUMMARY OF  INSTRUMENTS 
Instruments Position 90% RRP 50% RRP     1 

1. 

2. 

3- 

4. 

5. 

7x50x7 HH 

7x50x7 Mtd. 

10x50x7 Mtd. 

7x50x7 VFA 

7x50x7 HHR 

10x50x7 HH 

144989 

116576 

3 

101 

259896 

19 

1 

2A 

2 

4A 

5A 

6 

86.0 

96.O 

102.5 

93.5 

98.5 

1011.5 

100.0 

109.0 

116.0 

107.0 

112.0 

118.0 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect.E 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

61 Ff-1 10-7 6 065 - Webb- 2350 SM 3170 

63 Ff-1 10-7 8 065 - Shook 1900 SM 3300 

65 

67 

Ff-1 

Ff-2 

10-8 

10-8 

2 

4 

065 

065 _ 

Pusaterl 
(Curtis) 

Nixon 

1700 

2800 

SM 

SM 

2300 

2380 

69 Ff-2 10-8 6 O65 - Rice l800 SM - 

71 Ff-2 10-8 8 065 - Myers 21*00 SM - 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Slg. 5% 1% Not Slg. 5%        1% Not Slg. 5%   1* 

Target IG and 100 

Other Discriminations 

1 

1   3 

1 

6 

2 

6    1    3 

2 

10 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

12 

12 

12 

12 

12 

Closest Discrimination Calculable: 5-PI 

DiscriminationMean Range(yds) 
ARITHMETIC  MEANS 7 X 50 x 7 HH BY DISCRIMINATION  

Dlscriml nation    Mean Range (yds) [Discrimination    Mean Range (ydsj 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

4-G 

5393 

4122 

2730 

2855 

2158 

1498 

2217 

4-100 

4- PI 

6-G 

6-ioo 

6-PI 

1887 

1450 

1890 

1633 

1365 

2f6 RESTRICTED 

APPENDIX C 

DATA ON       RUNS      FOR      SET   B(l)X 

1. 6x33x8 

Instruments 

3t78 

Position 

6 

90% RRP 

42.0 

50% RRP 

60.0 
2. 7x50x7 HH 11)4989 5 81.5 100.0 
3- 10x70x7 Mtd. - 3 92.0 111.5 
4. 7x50x7 Mtd. 146576 2A 63.0 82.5 
5- 10x50x7 Mtd. 3 2 87.5 105.5 

6- 7x50x7 VFA - 4A 87.0 I07.O 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. X 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

74 Wz-1 10-9 3 210 W Miles 3500 SC 3120 

76 W2-1 10-9 5 210 - Williams 3850 SC - 

79 Wz-1 10-9 8 210 W Hendley 7000 SC - 

85 Wz-2 10-10 3 210 - Mueller 3850 SC 4180 

87 Wz-2 10-10 5 210 - Shlaer 4300 SM - 

SO Wz-2 10-10 8 210 - Lamar SC - 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 5% 1* Not Sig. 5*   1% Not Slg. 5%       1% 

Target IG and 100 

Other Discriminations 

1 

1 

1 

3 

1    1 

4 

1   1 

3   1 

Total Discriminations Calculable 

Total Discriminations Observed 

6 

6 

6 

6 

6 

6 

Closest Discrimination Calculable:  3-PI 

DISCRIMINATION 

Discrimination Mean Range (yds) Discrimination 

1-G 7772 6-G 

1-100 7060 6-100 

1-PI 5288 6-PI 

3-G 5097 

3-100 4072 

3-PI 2068 

3627 

2938 

1722 

Discrimination    Mean Range(yds) 
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DATA      ON      RUNS      FOR       SET    B(s)A 

SUMMARY OF INSTRUMENTS 
Instruments- Position 90% RRP 50% RRP " 1 

7x:>0x7 HH 

7x50x7 Mtd. 

10x50x7 Mtd. 

7x50x7 VFA 

7x50x7 HHR 

10x50x7 HH 

11)1)989 

11)6576 

3 

259896 

k9 

6 

2 

3 

1)A 

5A 

1 

8i).0 

115.5 

129.0 

109.5 

111.5 

101.5 

100.0 

129.5 

11)5.0 

123.5 

126.0 

115.5 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. A 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) . 

•121 W(s)i-2 11-5 7 210 - Anderson 2600 SC 5250 

123 W(s)i-2 11-5 9 210 - Brau 11)50 SC 1)700 

125 W(s)i-3 11-6 3 210 - Barberlo 1950 SC 3800 

127 W(s)l-3 11-6 5 210 - Casper 11)80 SC 5150 

129 W(s)i-3 11-6 7 210 - Coleman 1600 SC 3500 

131 - 11-6 9 210 - Atchison 21)00 SC 1)520 

SUMMARY OF OCCURRENCE 05 SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   5% 1% Not Slg.  5%        1* Not SIR.   5%        1% 

Target IG and 100 

Other Discriminations 

1 

2        3 

1 

1) 

2 

7 

2 

1)        2          3 

Total Discriminations Calculable 

Total Discriminations Observed 

11 

11 

11 

11 

11 

11 

Closest Discrimination Calculable: 5-100 

DiscriminationMean Range(yds) 
1-0 

^R*T^T.I.°_^S_7.X.'S0.X 7 HI{ BY "ISCRIMINATION   
(Discrimination    Mean Range (yd3 

1-100 

1-PI 

3-G 

3-100 

3-PI 

5-G 

691*2 

5008 

2788 

2788 

1913 

1353 

21(92 

Discrimination    Mean Range(yds) 
5-100 1883 

5-PI 1308 

21)8 PESTHICTED 

I 

1 

L 

APPENDIX C 

DATA      ON       RUNS      FOR      SET B(s)F 

SUMMARY OF INSTRUMENTS 

1.    7x50x7 HH 

Instruments 

11)1989 

Position 

6 

90% RRP 

81.0 

50% RRP 

100.0 

2.    7x50x7 Mtd. 1D6576 2 87.5 108.0 

3. 10x50x7 Mtd. 3 3 88.5 108.5 

I).    7x50x7 VFA - 1)A 102.0 121.0 

5.    7x50x7 HHR 259896 5A 95.5 lll).0 

6. 10x50x7 HH h9 1 88.0 106.5 

RANGES 
Run3 Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. F 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

120 W(s)j-2 11-5 6 065 W Lamontagne 3800 SM 

122 W(s)j-2 11-5 8 065 W Courtney 2550 SM 3150 

126 W(s)j-2 11-6 1) 065 - Tucker 1980 SM 3020 

128 W(s)j-3 11-6 6 065 - Filllssey 2000 SM 1850 

130 V(s)j-3 11-6 8 065 - Miller 2280 SM 3050 

132 W(s)j-3 11-6 10 065 - Naumann 2300 SM 2650 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F"  VALUES OH DISCRIMINATIONS 
Runs Observers Instrume nts 

Not SIR.   5% 1% Not SiR.   5%        1% Not SIR.   5% 1% 

Target IG and 100 

Other Discriminations 

1 

10 

1 

3 

1          1 

1)           1           2 

2 

13 

Total Discriminations Calculable 

Total Discriminations Observed 

15 

15 

9 

15 

15 

15 

Closest Discrimination Calculable:   6-PI 

DISCRIMINATION 
Discrimination    Mean Range(yds) 

ARITHMETIC  MEANS 7 X 50 X 7 HH BY  
[DiscriminationMean Range(yds) 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

k-G 

7372 

5652 

3093 

3317 

2485 

1635 

2492 

Discrimination    Mean Range(yds 

1)-100 

1)-FI 

5-G 

5-100 

5-PI 

6-G 

6-100 

6-PI 

2003 

11(92 

2715 

2230 

1615 

1932 

l605 

1325 
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DATA       ON       RUNS       FOR       SET    B(s)A 

SUMMARY OF INSTRUMENTS 
Instruments- Position 90% RRP 50% RRP 

1. 

2. 

3. 

4. 

5. 

6. 

7x?0x7 HH 

7x50x7 Mtd. 

10x50x7 Mtd. 

7x50x7 VFA 

7x50x7 HHR 

10x50x7 HH 

144989 

146576 

3 

259896 

49 

6 

2 

3 

4A 

5A 

1 

84.0 

115.5 

129.0 

109.5 

111.5 

101.5 

100.0 

129.5 

145.0 

123.5 

126.0 

115.5 

RANGES 
Runs Simult. 

Set 
Date No.   on 

Date 
Course Wind Observer 

Sect. A 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds). 

121 W(s)i-2 11-5 7 210 - Anderson 2600 SC 5250 

123 W(s)l-2 11-5 9 210 - Brau 1450 SC 4700 

125 W(s)i-3 11-6 3 210 - Barberlo 1950 SC 3800 

127 W(s)i-3 11-6 5 210 - Casper 1480 SC 5150 

129 W(s)i-3 11-6 7 210 - Coleman 1600 SC 3500 

131 - 11-6 9 210 - Atchison 2400 SC 4520 

SUMMARY OF OCCURRENCE   OF SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sic.  5% 1% Hot Sie.   5$        1% Not Sie.   5% 1% 

Target IG and 100 

Other Discriminations 

1 

2       3 

1 

4 

2 

7 

2 

4         2 3 

Total Discriminations Calculable 

Total Discriminations Observed 

11 

11 

11 

11 

11 

11 

Closest Discrimination Calculable:     5-100 

DiscriminationMean Range(yds) 
1-G 

ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 

1-100 

1-PI 

3-0 

3-100 

3-PI 

5-0 

6942 

5008 

2788 

2788 

1913 

1353 

2492 

Discrimination    Mean Range(yds) 
5-100 1883 

5-PI 

248 PESTRICTtD 
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APPENDIX C 

Instruments 

DATA       ON       RUNS      FOR      SET B(s)F 

SUMMARY OF INSTRUMENTS 
Position 

1. 7x50x7 HH 

2. 7x50x7 Mtd. 

3. 10x50x7 Mtd. 

4. 7x50x7 VFA 

5. 7x50x7 HHR 

6. 10x50x7 HH 

144989 

146576 

3 

259896 

49 

90% RRP 50% RRP 

6 

2 

3 

4A 

5A 

1 

81.0 

87.5 

88.5 

102.0 

95.5 

88.0 

100.0 

108.0 

108.5 

121.0 

114.0 

106.5 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. F 
Target 
3-100 

Ranee(yds) 

Search 
Target 

Search 
Range 
(yds) 

120 W(s)j-2 11-5 6 065 W Lamontagne 3800 SM 

122 W(s)j-2 11-5 8 065 W Courtney 2550 SM 3150 

126 W(s)j-2 11-6 4 065 - Tucker 1980 SM 3020 

128 W(s)j-3 11-6 6 065 - Fillissey 2000 SM 1850 

130 W(s)j-3 11-6 8 065 - Miller 2280 SM 3050 

132 W{s)j-3 11-6 10 065 - Naumann 2300 SM 2650 

SUMMARY OF OCCURRENCE  0? SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instrums nts 

Not Sie.   5% 1% Not Sie.  5%       1% Kot Sie.   556 1% 

Target IG and 100 

Other Discriminations 

1 

10 

1 

3 

1          1 

4           12 

2 

13 

Total Discriminations Calculable 

Total Discriminations Observed 

15 

15 

9 

15 

15 

15 

Closest Discrimination Calculable:   6-PI 

Ulscrimlnatlon    Mean Range(yds 
ARITHMETIC  MEANS 7 X 50 x 7 HH PY DISCRIMINATION 

(Discrimination    Mean Range(yds 

1-G 

1-100 

1-PI 

3-0 

3-100 

3-PI 

4-G 

7372 

5652 

3093 

3317 

2485 

1635 

2492 

Discrimination    Mean Range(yds) 

4-100 

4-PI 

5-0 

5-100 

5-PI 

6-G 

6-100 

6-PI 

2003 

1492 

2745 

2230 

1615 

1932 

1605 

1325 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1)6 

DATA       ON       RUNS       FOR 

 SUMMARY OF INSTRUMENTS 
Instruments 

1. 6x33x8 3178 ' 

2. 6x33x7 - 

3. 6x33x7 Mon. - 

4. 6x50x7 - 

5. 6x42x7 - 

6. 7x50x7 EH - 

SEI  SH 

Pna1.fcl.on 90% RRP bU5t RRP   ~—I 

6 

2 

1 

3 

5 

it 

71.5 

83.0 

69.5 

78.5 

76.0 

85.0 

85.5 

98.0 

8I.5 

92.0 

90.5 

100.0 

RANGES 
Runs SiEUlt. 

Set 
Sate No. on 

Date 
Course Wind Observer 

'  Sect.H 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

160 DIOo li—S i 210 W Filissey 1300 SC 1700 

162 DIOc 12-S 3 210 V Staton 1530 SC 1300 

164 DlOo U=-S 5 210 W Anderson 2000 SC Woo 
166 D12o 12-8 7 210 W Hughs 1910 SC 1250 

169 D12o 12-9 2 210 H Naumann 2600 SM 5600 

171 D12o 12-9 4 210 W Roark 1630 SC 2100 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 5% 1* Not Si«. 5%   1* Not Sig. 556   1* 

Target IG and 100 

Other Discriminations 

1 

11 

1 2 

1 

1   1 

11 

Total Discriminations Calculable 

Total Discriminations Observed 

13 

13 

3 

3 

13 

13 

Closest Discrimination Calculable:  6-G 

DiscriminationMean Range(yds) 

1-G 3990 

1-100 3255 

1-PI 1927 

3-G 2165 

ARITHMETIC MEANS 7 x 50 X 7 HH BY DISCRIMINATION 

3-100 

3-PI 

1828 

1178 

Discrimination Mean Range(yds) 
4-G 

1-100 

4-FI 

6-G 

6-100 

6-PI 

2178 

1877 

1273 

2077 

1593 

1077 

Discrimination Mean Range(ydsj 
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APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

S E T EJ 

1. 6x33x8 

2. 6x33x7 

3. 6x33x7 Mon 

4. 6x50x7 

5- 6x42x7 

6. 7x50x7 HH 

3178 

Position 90% RRP 50% RRP 

6 N.S.D. N.S.D. 

2 60.5 78.0 

1 N.S.D. N.S.D. 

3 70.0 88.0 

5 73.5 90.0 

4 82.5 100.0 

IANGES 
Run3 Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. J 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

161 DlOp 12-8 2 O65 - Saidikovski 3400 SM 2000 

163 DlOp 12-8 4 065 - Farone 1820 SM - 

165 DlOp 12-8 6 065 - Milling 1110 SM 1200 

167 D12p 12-8 8 065 - Foley 2600 SM 2100 

168 D12p 12-9 1 065 - Parker 1300 SC 2000 

170 D12p 12-9 3 065 - Tucker 2100 SM 2800 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 5%   1% Not Sig. 5%   1% Not Sig. 5%   1% 

Target IG and 100 

Other Discriminations 

2 

3 

1       1 

3 

Total Discriminations Calculable 

Total Discriminations Observed 

5 

5 

0 

5 

5 

5 

Closest Discrimination Calculable: 3-100 

discrimination Mean Range(yds) 

1-G 4150 

ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION           ^^ 
—— '  —-~        r...,.rr Discrimination Mean Range (yds) 

1-100 

1-PI 

3-G 

3-100 

3-PI 

4-0 

3097 

2045 

2325 

2055 

2295 

Discrimination    Mear. Range (yds] 

4-100 1958 

4-PI 

RESTRICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS  NAVORD REPORT 77-1,6 

DATA      ON      RUNS      FOR      SET   HA-1 

SUMMARY OF INSTRUMENTS 
instruments Position 90% RRP 50% RRP~ 

1. 7x50x7 HH 

2. 7x50x10 HH(HR)  - 

3. 10x50x7 HH    20 

4. 8x60x9 HH(-ld) 2111187 

5. 7x50x7 Mon. HH 259898 

Naked Eye 

varied 

varied 

varied 

varied 

varied 

varied 

83.0 

85-0 

87.O 

80.5 

74.5 

100.0 

101.0 

105.0 

97.5 

91.2 

RANGES 
Run3 Slmult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. A 
Target 
3-100 

Range(yd3) 

Search 
Target 

Search 
Range 
(yds) 

2 - g-i, 2 055 - Casper 3700 

3 - 9-4 3 055 - Atchison 5230 - 
5 - 9-4 5 055 W Barberio 3900 - 
8 - 9-5 2 055 - Coleman 3200 - 

16 - 9-6 2 055 - Brau 2100 - 
18 - 9-6 4 055 - Anderson 2150 - 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   5%        1% Not Slg.  5%        1% Hot SIR.   5%        1% 

Target 10 and 100 

Other Discriminations 

2 

4                     3 

2 

1           1 

2 

5                     2 

Total Discriminations Calculable 

Total Discriminations Observed 

9 

9 

4 

9 

9 

9 

Closest Discrimination Calculable:     4-Pi 

Discrimination    Mean Range(yds) 
1-G 5833 

1-100 5600 

ARITHMETIC MEANS 7 X  50 x 7 HH BY DISCRIMINATION 
DlscrlmlnatJon    Mean Range(yds) 

4-100 2113 

4-Pi        11,75 

1-PI 4097 

3-0 4l63 

3-100 3380 

3-PI 1882 

4-G 2672 

Discrimination Mean Range (yds 
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APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR      3 E T   H(l)A-2 

SUMMARY OF INSTRUMENTS 

!.    7x50x7 HH 

2. 7x50x7 HH(HR) - 

3. 10x50x7 HH 20 

8x60x9 HH(-ld) 21III87 

5. 7x50x7 Mon. HH 259898 

6. 10x70x7 (JF) HH - 

Position 

varied 

varied 

varied 

varied 

varied 

varied 

90% RRP 

90.2 

99.0 

96.0 

96.0 

87.5 

85.0 

50% RRP 

100.0 

106.0 

102.0 

103.0 

95.0 

92.5 

Runs Slmult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer   Target 

Sect. A    3-100 
 Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

32 

33 

35 

115 

124 

141 

WsI-23 

9-12 

9-12 

9-12 

11-5 

11-6 

11-9 

2 

3 

6 

1 

1 

1 

055 

055 

055 

210 

065 

210 

Brau 

Atchison 

Anderson 

Barberio 

Coleman 

Casper 

4780 

3980 

4350 

2500 

2650 

3100 

SC 

SC 

SC 

4300 

3950 

3050 

SUMMARY OF OCCURRENCE  05 SIGNIFICANT "F" VALUES OH DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   5% 1* Not SiR.   5%        1% Not SIR.   5%        1% 

Target IG and 100 

Other Discriminations 

2 

6 

2 

4          2 

1        1 

5        1 

Total Discriminations Calculable 

Total Discriminations Observed 

8 

8 

• 8 

8 

8 

8 

Closest Discrimination Calculable:   4-100 

ARITHMETIC  MEANS 7 X 50  x 7 HH BY DISCRIMINATION 
uiscrimlnatlon Mean Range(yds) Discrimination Mean Range(yds) Discrimination Mean Range(yds) 

1-G 6945 4-G 4093 

1-100 6343 4-100 3638 

1-PI 4493 4-PI 3002 

3-G 4222 6-G 3070 

3-100 3560 6-100 2657 

3-PI 2962 b-PI 
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FIELD TESTS  OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA       ON       RUNS       FOR       SET   HC-1 

1 

Instruments 

7x50x7 HH 

•Position 

varied 

90% RRP 

82.5 

50* RRP 

100.0 

2 7x50x7 HH(HR) - varied 91.8 110.0 

3 10x50x7 HH     20 varied 96.0 112.5 

t 8x60x9 HH(-ld) 2111187 varied 79.8 97.5 

5 7x50x7 M°n. HH 59898 varied 70.0 87.5 

6 Naked Eye varied - - 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. C 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

1 - 9-It 1 210 W Parker 1800 - - 

If - 9-4 If 210 - Haskins 2800 - - 

6 - 9-k 6 210 - Webster 3580 - - 

10 - 9-5 if 210 V Lamontagne 2700 - - 

12 - 9-5 6 210 w Kramer 3100 - - 

It - 9-5 8 210 w DeWitt 3050 - - 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR. 5% It Not Slg. 5$   1* Not Sis. 5%   1* 

Target IG and 100 

Other Discriminations 

2 

7 

2 

1 

2 

5   11 

Total Discriminations Calculable 

Total Discriminations Observed 

9 

9 

3 

9 

9 

9 

Closest Discrimination Calculable: lf-Pi 

ARITHMETIC  MEANS 7 X SO x 7 HH BY DISCRIMINATION 
Discrimination Mean Range(yds) Discrimination M 

1-G 5858 t-G 

1-100 5750 4-100 

1-PI 3767 4-PI 

3-G 32*12 

3-100 2838 

3-PI 2178 

Discrimination    Mean Range(ydsJ 

2692 

21(92 

1893 

25t RESTRICTED 
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APPENDIX C 

DATA      ON      RUNS      FOR      SET     H(l)   C-2 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

7x50x7 HH varied 88.5 100.0 

7x50x10 HH (HR) - varied 82.5 92.0 

10x50x7 HH     20 varied 88.0 97. f 

8x60x9 HH(-ld) 2IIII87 varied 96.O 106.0 

7x50x7 Mon. HH 259898 varied 72.0 82.0 

10x70x7  (JF) HH - varied 79.0 88.5 

RANGES 
Runs Slmult. 

Set 
Date No. on  Course  Wind 

Date 
Observer   Target 
Sect. C     3-100 
 Range(yd3) 

Search   Search 
Target   Range 
 (yds) 

31 

3t 

36 

37 

38 

39 

9-12 

9-12 

9-12 

9-13 

9-13 

9-13 

210 

210 

210 

210 

210 

210 

Haskins 

Parker 

Lamontagne 

DeWitt 

Webster 

Carter 

3130 

1900 

2900 

2600 

2000 

2450 

SUMMARY OF  OCCURRENCE OF SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

        Runs 
Not Slg.   5S6 

Total Discriminations Calculable 

Total Discriminations Observed 

~W Not Slg.   596 1% 
Observers Instruments 

Hot Slg.   5% n: 

Closest Discrimination Calculable:     4-100 

Discrimination    Mean Range(yds 
1-G 5238 

4652 1-100 

1-PI 

3-G 

3-100 

3-PI 

3013 

3035 

2^97 

1750 

Dlscriminati 
f-G 

1(-100 

If-PI 

2935 

2 f 72 

1705 

••ZZ^^Z?,l 1Z SCTscrlmination    Mean Kange^. 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1)6 

DATA       ON       RUNS       FOR       S E T   HY 

SUMMARY OF INSTRUMENTS 
Instruments 

1. 7x50x7    HH 

2. 7x50x10 HH(HR)     - 

3. 10x50x7 HH     20 

K.   8x60x9 HH(-ld) 2111187 

5.  7x50x7 Mon. HH 259898 

Naked Eye 

Position 90$ RRP 50% RRP 

varied 83.O 100.0 

varied 91.0 107.0 

varied 97-5 113.0 

varied 93.5 111.5 

varied 72.3 90.0 

varied _ _ 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course  Wind Observer 

Sect. Y 
Target 
3-100 

Range(yds) 

Search   Search 
Target   Range 
 (yd;) 

20 

23 

25 

26 

28' 

30 

9-6 

9-7 

9-7 

9-7 

9-7 

9-7 

6 

2 

K 

5 

7 

9 

210 

055 

055 

210 

210 

210 

V 

W 

Ross 

Kern 

Miles 

Scott 

Reed 

Griffin 

3000 

1150 

2700 

2K00 

2800 

2200 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES OH DISCRIMINATIONS 

Not Slg. j% 1% 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Not Slg. 5%        1% 

2 

5 

7 

7 

Observers 
Kot Slg. .5%   1% 

2 

7 

Closest Discrimination Calculable: K-G 

Instruments 

7 

7 

 ARITHMETIC  MEANS 7 x  50 x 7 HH BY DTSPRTMTNafT• 
Discrimination   Mean Range (yds) iDlscrlmlnaJoA    Mean «B^TO. 

1-G 

1-100 

1-PI 

3-G 

3-ICO 

3_T>T 

5083 

^333 

3355 

3160 

2375 

1790 

Discrimination Mean Range (yds) 
K-G 2933 

K-100 2333 

K-PI 1958 

Discrimination    Mean Range(yds 

?bd PESTFTC;iD 

APPENDIX C 

DATA      ON       RUNS      FOR 

 SUMMARY OF INSTRUMENTS 

SET   HZ-1 

1. 

Instruments Position 90% RRP 50% RRP 

7x50x7   HH varied N.S.D N.S.D. 

2. 7x50x10 HH(HR)     - varied N.S.D. N.S.D. 

3- 10x50x7    HH             20 varied N.S.D. N.S.D. 

4. 8x60x9    HH(-ld)  2IIII87 varied N.S.D. N.S.D. 

5- 7x50x7    Mon.  HH 259898 varied N.S.D. N.S.D. 

6. Naked Eye varied N.S.D. N.S.D. 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. Z 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

7 - 9-5 1 210 W Dunham l600 - - 

9 - 9-5 3 210 W Williams 3550 - - 
11 - 9-5 5 055 - Lamar 1300 - - 

13 - 9-5 7 055 - Shlaer 1200 - - 

15 - 9-6 1 210 - Mueller 2000 - - 

17 - 9-6 3 210 - Hendley 2750 - - 

SUMMARY OF CCC'.'RRENCE  OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.  5% li Not Slg.  5%        1% Kot Slg.   5%        1% 

Target IG and 100 

Other Discriminations 

2 2 2 

Total Discriminations Calculable 

Total Discriminations Observed 

2 

2 

2 

2 

2 

2 

Closest Discrimination Calculable:   1-100 ,..—_. 

Discrimination    Mean Range(yds) 
IG 5833 

ARITHMETIC.MKANS 7 X SO X 7 HH BY ggPfa^    Hean ^^1 

1-100 

1-PI 

3-G 

3-100 

3-PI 

5167 

3158 

2675 

2067 

1287 

Discrimination   Mean Range(yas) 
K-G 3058 

K-100 

K-PI 

2177 

1500 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-ljg 

DATA      ON      RUNS      FOR      SET   HZ-2 

 SUMMARY OF INSTRUMENTS 
Instruments Position 9056 RRP 50% RRP' 

1. 7x50x7 HH 

2. 7x50x10 HH(HR)  2 

3. 10x50x7 HH    20 

4. 8x60x9 HH(-ld) 211118 

5. 7x50x7 Mon. HH 259898 

6. Naked Eye 

varied 

varied 

varied 

varied 

varied 

varied 

76.5 

81.5 

86.0 

78.0 

57.5 

100.0 

106.0 

111.5 

104.0 

83.5 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. Z 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

19 - 9-6 5 055 - Williams 3500 - - 

21 - 9-6 7 055 - Shlaer 1200 - - 

22 - 9-7 1 210 W Curtis 1850 - - 

24 - 9-7 3 210 W Hendley 3050 - - 

27 - 9-7 6 055 - Mueller 4000 - - 

29 - 9-7 8 055 - Lamar 2000 - - 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 5*   156 Not Sig. 5%   1* Not Sig. 5%   It 

Target IG and 100 

Other Discriminations 

1   1 

6   1 

1    1 2 

7 
Total Discriminations Calculable 

Total Discriminations Observed 

9 

9 

2 

9 

9 

9 

Closest Discrimination Calculable: 4-PI 

Discrimination Mean Range(yds) 
ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

4-G 

4-100 

4780 

4468 

3042 

3338 

2600 

1640 

3280 

2583 

Discrimination Mean Range(yds) 

f-PI       1657 

Discrimination Mean Range (yds 
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APPENDIX C 

DATA      ON      RUNS      FOR      SETMA 

SUMMARY OF INSTRUMENTS 

l.  6x33x8 

Instruments 

3478 

Position 

6 

90% RRP 

42.3 

2.  4x28x10 - 5 40.0 

3.  6x30x8.5 - 1 34.5 

4.  7x50x7 HH 144989 4 83.5 
5-  10x70x7 (NDRC)Mtd - 3 110.5 

6. 10x50x7 Mtd. 3 2 94.0 

5056 RRP 

63.O 

59.0 

51.0 

100.0 

129.0 

110.2 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect.A 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

48 Aa-1 10-5 1 210 W Coleman 2130 SC 3500 " 

50 Aa-1 10-5 3 210 W Brau 1760 SC 5800 

52 Aa-1 10-5 5 210 W Atchlson 3630 SM 2350 

54 Aa-2 10-5 7 065 - Barberio 2300 SM 3500 

72 Aa-2 10-9 1 210 W Anderson 2450 SC - 

78 Aa-2 10-9 7 065 - Casper 4700 SM 3850 

SUMMARY OF OCCURRENCE flF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 556   li Not Sig. 5%   156 Wot Sig. 5%   156 

Target IG and 100 

Other Discriminations 

1         1 

4 

2 

1 

1    1 

1        3 

Total Discriminations Calculable 

Total Discriminations Observed 

6 

6 

3 

6 

6 

6 

Closest Discrimination Calculable: 3-PI 

^crimination    MeafSI^Scrlm,^^ %5 S^fel^   Mean Hange(^ 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

7092 

6667 

3895 

4677 

2828 

1743 
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FIELD TESTS  OF OPTICAL INSTRUMENTS NAVORD REPORT 77.45 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

S E T   MB 

Instruments Position 90% RRP 50% RRP- 

1.  6x33x8 3478 6 38.5 61.8 

2.  4x28x10 - 5 23.5 45.0 

3.  6x30x8.5 - 1 18.0 47.0 

*•  7x50x7 HH 144989 4 77.0 100.0 

5. 10x70x7 (NDRC)Mtd 3 85.5 110.0 
6- 10x50x7 Mtd. 3 2 88.0 112.0 

Runs Slmult. 
Set 

RANGES 
Date No.  on 

Date 
Course      Wind Observer 

Sect. B 
Target 
3-100 

Range(yds) 

Search 
Target 

49 

51 

Search 
Range 
(yds) 

Ab-1 

Ab-1 

53 Ab-1 10-5 

55 Ab-2 10-5 

73 Ab-2 10-9 

75 Ab-2 10-9 

2 

4 

6 

8 

2 

4 

065 - Pedersen 

065 - Bamford 

210 V Hughs 

210 w Jagelevskl 

065 - Parker 

065 - Bridges 

3380 

2200 

1950 

3800 

3630 

5750 

SM 

SM 

sc 
sc 
SM 

SC 

2790 

2*t70 

4200 

2950 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT  "P"  VALUES OH DISCRIMINATIONS 
 1 srrrz 1  

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
[Not Slg.   59J        13" 

2 

3 

12 

12 

Closest Discrimination Calculable:   5-?I 

Observers 
Hot Slg.   Hi        lg" fot Slg.   5%        1% 

2 

1 

4 

12 

Instruments 

1 

4 

12 

12 

pncTisrro MeaTS^Sc^^JJ TbgHgEBflBE 
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APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR      SET     M(l)D 

SUMMARY OF INSTRUMENTS 
Position 

|1. 6x33x8 

|2. 4x28x10 

3. 6x30x8.5 

4. 7x50x7    HH 144989 

5. 20x120x3 

6. 10x70x7   (NDRC)  Mtd - 

90% RRP 50% RRP I 

6 

5 

1 

£ 

4 

3 

EXCLUDED - 

HIGH WINDS 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect. D 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

42 Ac-1 10-4 3 210 W Louderback 3650 - 

44 Ac-1 10-4 5 210 W Zachmann 5400 - - 
46 Ac-2 10-4 7 210 W Roark 4430 - - 
56 Ac-2 10-7 1 210 W Shoemaker 5050 SC 3400 

58 Ac-2 10-7 3 210 W Ritter 2400 SC 2300 

60 Fe-1 10-7 5 065 W Klooz 4800 - - 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Slg. 5*   1$ Not Slg. 5*   1% Not Slg. 5%       1% 

Target IG and 100 

Other Discriminations 

2 

1    2 

1    1 

1 

2 

3 

Total Discriminations Calculable 

Total Discriminations Observed 

5 

5 

3 

5 

5 

5 

Closest Discrimination Calculable:  3-100 

lJiscrimination    Mean Range (yds; 
ARITHMETIC  MEANS 7 X 50 X 7 HH BY DISCRIMINATION 

1-0 

1-100 

1-PI 

3-G 

3-100 

3-PI 

6808 

6350 

5120 

4868 

4288 

3180 

jüü«—,—" •— _—1—-— — _ , , 
[Discrimination   Mean Range(yds] plscrlmlnation   Mean Range(ydsJ| 

4-0 

4-100 

4-PI 

6-0 

6-100 

6-PI 

4590 

4185 

2968 

3330 

3038 

2027 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA      ON       RUNS       FOR       SET   M(l)E 

BT1MMARY OF INSTRUMENTS 
Position 90% RRP 50% RRP   I 

1. 6x33x8     • - 

2. 4x28x10 

3. 6x30x8.5 

4. 7x50x7 HH    144989 

5. 20x120x3 

10x70x7 (NDRC) Mtd. 

6 

5 

1 

£ 

4 

3 

34.5 

N.S.D. 

N.S.D. 

76.0 

151.0 

112.0 

57.0 

N.S.D. 

N.S.D. 

100.0 

183.0 

136.0 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. E 
Target 
3-100 

Ranee(yds) 

Search 
Target 

Search 
Range 
(yds) 

41 Ad-1 10-4 2 065 - Shook 5850 

43 Ad-1 10-4 4 065 - Myers 5900 

15 Ad-1 10-4 6 065 - Pusateri 3230 

47 Ad-2 10-4 8 065 - Webb 3300 

57 Ad-2 10-7 2 065 - Rice 3700 

59 Ad-2 10-7 • 4 065 - Nixon 3200 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT "F"  VALUES OH DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   5% 1% Not SIR.   5%        1% Not  SIR.   5%        1% 

Target IG end 100 

Other Discriminations 6           1 

2 

3 

1           1 

2 

2 

10 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

12 

4 

12 

12 

12 

Closest Discrimination Calculable:   5-PI 

Discrimination Mean Range(yds) 
ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 

1 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

7088 

6867 

4608 

5148 

4197 

2317 

Discrimination    Mean Range(yds) Discrimination   Mean Range(ydsJ 

4-G 

4-100 

4-PI 

6-G 

6-100 

6-PI 

3988 

3043 

1857 

3255 

2778 

1900 
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APPENDIX C 

DATA      ON      RUNS      FOR      SET    F(l)A 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

1. 7x50x7   HH 408395 3 77.8 100.0 

2. 20x120x3 - 4 157.0 189.0 

3- 25x100x3.6 - 2 142.5 167.0 

4. 10x80x7 - 5 II6.5 138.5 

5- 21x76x2.8 - 1 69.O 84.5 

6. 24x96x2.2 - 6 101.0 119.0 

RANGES 
Runs Slfflult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. A 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

143 D(5)i 11-9 3 210 V Casper 2400 SC 4700 

145 D(5)l 11-9 5 210 W Coleman 2500 SC 4100 

147 1>(5)1 11-9 7 210 w Barberio 2530 SC 4200 

149 D(10)n 11-26 1 210 w Anderson 5650 SC 6270 

151 D(10)n 11-26 3 210 V Atchlson 4700 SC 6300 

153 D(10)n 11-26 5 210 V Brau 4410 SC 6400 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT "F" VALUES ON DISCRIMINAT IONS 
Run3 Observers Instruments 

Not SIR.   5% 1* Not SIR.   5%        1% Mot SIR.   5%        1% 

Target IG and 100 

Other Discriminations 

2 

9       2 5 

2 

3          1 

2 

2       14 

Total Discriminations Calculable 

Total Discriminations Observed 

18 

18 

6 

18 

18 

18 

Closest Discrimination Calculable:     7-PI 

DISCRIMINATION . ARITHMETIC  ME*"* 7 T SO x 7 HH HIT PIS'«••A 

Discrimination    Mean Range (yds) (Discrimination   Mean Range (yds) 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

9790 

8325 

5243 

57^2 

3698 

2023 

4-G 

4-100 

4-PI 

6-0 

6-100 

6-PI 

4522 

3228 

1993 

2440 

1738 

1348 

Discrimination Mean Range(ydsJ 

7-G 

7-100 

7-PI 

5-G 

5-100 

5-PI 

2638 

1922 

1412 

4600 

3532 

2002 
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FIELD TESTS OF OPTICAL INSTRUMENTS HAVORD REPORT 77-1)6 

DATA      ON      RUNS      FOR      SETPD 

SUMMARY OF INSTRUMENTS 

1. 7x50x7    HH 

Instruments 

108395 

Position 

3 

905S RRP 

77-0 

bo£ RRP    — 

100.0 

2. 20x120x3 - * 153.0 180.0 

3. 25x100x3.6 - 2 1*1.5 170.0 

*. 10x80x7 - 5 108.0 135.0 

5. 21x76x2.8 - 1 52.5 73.0 

6. 
— 

16x96x2.8 - 6 93.0 117.0 

RANGES 
Runs Slnult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect. D 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds! 

133 Hk 11-8 3 210 - Roark 1700 SC 3250 

135 Hk 11-8 5 210 - Klooz 2*00 SC 1950 

137 - 11-8 7 210 - Louderback 2800 SC 3900 

139 - 11-8 9 210 - Zachmann 2*00 SC *200 

15* D(5)k 11-27 1 210 - Ritter *900 SC *750 

156 D(5)k 11-27 3 210 - Shoemaker 5150 SC *600 

Target IG and 100 

Other Discriminations 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Not Sig. 5%   1% 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Not Slg~ 5%   1% 

15 

15 

Observers 
Hot Sig.~Jj   lit 

6 

15 

Instruments 

2 

10 

15 

15 

Closest Discrimination Calculable: 7-PI 

I r~. • ARITHMETIC MEANS 7 X  50 X  7 HH BY msn»T«T».i.TA|. 
Discrimination Mean Range(yds) l•---<-<-~L.-'-———    •ifulmlJUW 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

6958 

6125 

*083 

39*2 

3225 

2200 

Discrimination Mean Range(yds) 

3200 *-G 

*-100 

*-PI 

6-0 

6-100 

6-PI 

2*52 

1805 

2*77 

2080 

1*92 

Discrimination Mean Range(yds 

7-G 2168 

7-100 1707 

7-PI 1363 

26* RESTRICTED 

i 

L 

APPENDIX C 

DATA       ON      RUNS      FOR      SET     P(1)P 

SUMMARY OF INSTRUMENTS 
-— Instruments Position 90% RRP 50% RRP 

1.      7x50x7 HH *08395 3 72.5 100.0 

2.      20x120x3 - * 137.5 171.5 

3.      25x100x3.6 - 2 152.0 191.0 

%.      10x80x7 - 5 91.0 116.0 

5-      21x76x2.8 - 1 *5.0 71.5 

6.     2*x96x2.2 - 6 103.0 132.0 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind         Observer 

Sect.F 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

1*2 D(5)j 11-9 2 065 Flllissey 2730 SM 3250 

1** D(5)j 11-9 * 065 Tucker 3680 SM 2300 

1*6 D(5)J 11-9 6 065 Miller **50 SM 3370 

1*8 D(10)j 11-9 8 065 Courtney *500 SM 1320 

150 D(10)j 11-26 2 065 Lamontagne 2500 SM *100 

152 D(10)k 11-26 * 065 Naumann 3230 SM 3900 

SUMMARY OF OCCURRENCE fW SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
rtuns 

Not SlK.   5*        1% Not SlK.   5*        1% Mot Sig.   5$        1% 

Target IG and 100 

Other Discriminations 

2 

12         1 

1           1 

* 

2 

*         9 

Total Discriminations Calculable 

Total Discriminations Observed 

15 

15 

6 

15 

•     15 

15 

Closest Discrimination Calculable: 7-PI 

DISCRIMINATION  APT^METTO  MEANS 7 X 50 T 7 HH W PiagBMffi 
Discrimination    Mean Range (yds) Discrimination    Mean nar.ge (yds; 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

89*7 

7013 

*l65 

*288 

3515 

2288 

6-0 

6-100 

6-PI 

7-G 

7-100 

7-PI 

2895 

2*93 

1760 

1980 

1760 

1*17 

Discrimination   Mean Range(yds) 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77.1(5 

DATA      ON      RUNS      FOR      SETFO 

 SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 

1. 7x50x7 HH 

2. 20x120x3 

3. 25x100x3.6 

4. 10x80x7 

5. 21x76x2.8 

6. 16x96x3.2 

408395 72.8 

149.0 

156.0 

85.0 

80.0 

85.5 

100.0 

187.5 

191.8 

114.0 

110.0 

115.0 

Runs Slmult. 
Set 

RANGES 
Date No. on 

Date 
Course Wind 

134 HI 11-8 

136 HI 11-8 

138 - 11-8 

140 - 11-8 

155 D(5)m 11-27 

157 D(5)m 11-27 

4 

6 

8 

10 

2 

4 

065 

065 

065 

065 

065 

065 

W 

w 

w 

w 

¥ 

¥ 

Observer 
Sect. G 

Target 
3-100 

Range(yds) 

Search 
Target' 

Search 
Range 
(yds) 

Myers 2150 SM 2400 

Rice 2330 SM 4500 

Milling 1630 SM 3800 

Pusateri 2930 SM 5050 

Staton 4330 SM 3700 

Foley 4800 SM 2400 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Not Slg. 5* —TZ 

2 

6 

10 

10 

Closest Discrimination Calculable: 5-G 

Observers 
Not Slg. h%        1* 'Hot Slg. 5^   1* 

2 

1 

7 

10 

Instrumsnts 

2 

5 

10 

10 

^crimination   «^^m^m^^i^^^^m 
1-G 

1-100 

1-PI 

3-0 

3-100 

3-PI 

6422 

6008 

3788 

3938 

3028 

1967 

4-0 

4-100 

4-PI 

6-G 

6-100 

6-PI 

an Hange(yds) Discrimination Mean Range(yds, 

3423 7-G 2448 

2847 7-100 1752 
2003 7-PI 1327 
2oC0 

2222 

1585 
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APPENDIX C 

DATA       ON      RUNS      FOR      SETVD 

SUMMARY OP INSTRUMENTS 
-— Instruments Position 90% RRP 5056 RRP 

1.       7x50x7 HH 408395 1 96.0 115.0 

2.       7x50x7 HH 259904 2 60.0 91.5 

3.       7x50x7 HH 408382 3 70.0 101.0 

4.       7x50x7 HH 408385 4 75.0 107.0 

5-       7x50x7 HH 408389 5 53-5 85.5 

6-       7x50x7 HH 259902 6 66.0 97.5 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course  Wind Observer   Target 

Sect. D    3-100 
 Range(yds) 

Search   Search 
Target   Range 
 (yds) 

94 

96 

98 

99 

101 

105 

Wg-1 

Wg-1 

Wg-2 

Wg-2 

Wg-2 

10-11 

10-11 

10-11 

11-1 

11-1 

11-1- 

210 

210 

210 

210 

210 

210 

Roark 

KLooz 

Lauderback 

Ritter 

Zachmann 

Shoemaker 

4480 

3690 

2000 

4000 

3650 

4200 

SC 

SO 

SC 

SC 

SC 

SC 

3600 

3800 

5150 

*Taken from Position 3. 

SUMMARY OF OCCURRENCE OP SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg. jt        1% 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
|Not Slg. "5%        1%   [Not jig. 5%   It 

12 

12 

Observers 

9 

12 

Instruments 

2 

10 

12 

12 

Closest Discrimination Calculable:  5-PI 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

7223 

6557 

4713 

I1O0O twcu 

4065 

2952 

4-G 

4-100 

4-PI 

6-G 

6-100 

6-PI 

4499 

3840 

3158 

3238 

2567 

2070 

Discrimination Mean Range (yds) Discrimination Mean Range iy , 
I.  n IlllOO 

RESTRICTED 

744999 0-47-18 

267 



ssasss: 

FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

^ 

S E TVE 

1— Instruments Position 90% RRP 504 RRP 

1. 7^50x7 HH 408395 1 88.0 101.8 

2. 7x50x7 HH 259904 2 86.5 97.0 

3. 7x50x7 HH 408382 3 92.5 103.3 

4. 7x50x7 HH 408385 4 86.8 99.0 

5. 7x50x7 HH 408389 5 93.5 104.0 

6. 7x50x7 HH 259902 6 83.0 94.0 

RANGES 
Runs Slmult. 

Set 
Bate No. on 

Date 
Course Wind Observer 

Sect.  E 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

93 Wh-1 10-11 2 065 - Rice 2580 SM 

95 Wh-1 10-11 4 065 - Webb 4080 SM - 

97 Wh-1 10-11 6 065 - Myers 3600 SM - 

100 Wh-2 11-1 2 065 - Farone 4400 SM - 

102 Wh-2 11-1 4 065 - Shook 4000 SM - 

106 Wh-2 11-1 8 065 - Nixon 4500 SM - 

SUMMARY OF OCCURRENCE 05 SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SiR.   5* 1* Not SiR.   5*        1* Kot Sic.   5%        1% 

Ssrget IG and 100 

Other Discriminations 8 

2 

2 

2 

115 

2 

10 

Itotal Discriminations Calculable 

Total Discriminations Observed 

12 

12 

9 

12 

12 

12 

Closest Discrimination Calculable:   5-PI 

DiscriminationMean Range(yds) 
ARITHMETIC MEANS 7 X SO x 7 HH BY DISCRIMINATION 

Discrimination Mean Range(yds) 

1-G 

1-103 

i-?I 

3-C- 

3-100 

3-?I 

7723 

7612 

4478 

5297 

4122 

2203 

4-G 

4-100 

4-Pi 

6-G 

6-100 

6-PI 

4222 

3495 

2250 

2700 

1932 

1378 

Discrimination.   Mean Range (yds, 
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APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

SET Aa-1 

Position 

7x50x7 HH 

7x50x10 HH      MZ5069 

7x50x10 HH(HR)  BG-83I 

90% RRP 50% RRP 

varied 

varied 

varied 

75.0 

71.0 

79.0 

100.0 

97.0 

103.0 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect,    a 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

48 MA 10-5 1 210 W Zink 1700 SC 4000 

50 MA 10-5 3 210 W Lamontagne 3500 SC 4420 

52 MA 10-5 5 210 W Phillips 1980 SM 

SUMMARY OF OCCURRENCE   OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   5*        1* Not Slg.   5%        1% Mot Slg.  5%       1% 

Target IG and 100 

Other Discriminations 

2 

4 

2 

4 

2 

4 

Total Discriminations Calculable 

Total Discriminations Observed 

6 

6 

6 

6 

6 

6 

Closest Discrimination Calculable:   3 PI 

r                                          ARITHMETIC  MEANS  7 X  50 X 7 HH BY DISCR 

uiscrlminatlon    Mean Range (yds) Discrimination Mean Range 

1-0                  7267 3-G 3600 

1-100                  6200 3-100 2393 

1-PI                       2950 3-PI 1767 

6-G                      2067 6-PI 1060 

3  (6x6 Blk)10O 1590 
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FIELD TESTS  OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA       ON       RUNS       FOR 

SUMMARY OF INSTRUMENTS 

SET Aa-2 

Instruments Position 90$ RRP 50% RRP 
  

1. 7x50x7   HH - varied 82.0 100.0 

2. 7x50x10 HH MZ5069 varied 92.0 106.0 

3. 

5. 

7x50x10 HH(HR) BG-831 varied 87.0 97.0 

6. » 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect,    a 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

54 MA- 10-5 7 065 - Zink 2600 SM 3370 

72 MA 10-9 1 210 W Lamontagne 3200 SC - 
78 MA 10-9 7 065 Phillips 3550 SM 4250 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

 Runs 
Not Slg. 5%~ HE 

Observers 
Not Slg. <=,%        1% (Not Slg. 5%   1% 

Instruments 

Closest Discrimination Calculable: 3-PI 
L 

[Discrimination   Mean Range (yds) 

1-G 7033 

1-100 6967 

1-PI 3700 

3-G 3900 

3-100 3117 

3-PI- 1963 

ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMTNATTnn 
Discrimination    Mean Range(yd3j| [Discrimination Mean Range(yds; 

6-G 2737 

6-100 2193 

6-PI I623 

270 
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APPENDIX C 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

SET Ab-1 

!.     7x50x7 HH 

Instruments Position 

varied 

90% RRP 

81.0 

50% RRP 

100.0 

2      7x50x10 HH MZ5069 varied 89.O 105.0 

3_     7x50x10 

5. 

HH(HR)       BG-831 varied 82.0 95.0 

6. 

RANGES 

Runs Simult. 
Set 

Date 

19 MB 10-5 

51 MB 10-5 

53 MB 10-5 

No.  on 
Date 

Course Wind Observer 
Sect,    b 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

2 065 _ Brazil 2900 SM 2980 

4 065 - Brovn 2200 SM - 

6 210 W Hambrlck 1310 SC 2920 

S„MMA*V OF OCCURRENCE  OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg.  5%       l* 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs  Observers 
Not Slg.  5% 

11 

15 

Instruments 
1%   [Hot Slg.  5%       liT~| 

11 

15 

11 

15 

Closest Discrimination Calculable:     6-PI 

(Discrimination    Mean Range (yds) 

1-G 61(77 

1-100 5357 

1-PI 3 WO 

3-G 3110 

3-100 2203 

3-PI 1780 

rsg^.^fe^^J^^^^FBri^t^ Meau Kmiae('dJ 

6-G 

6-100 

6-FI 

7-G 

7-100 

7-PI 

2510 

2043 

1483 

1300 

1223 

1077 

RESTRICTED 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

DATA       ON       RUNS       FOR 

SUMMARY OF  INSTRUMENTS 

SET Ab-2 

1 Instruments Positlon 90$ RRP 50% RRp- 

1. 7x50x7    HH varied 75.0 100.0 
2. 7x50x10 HH              M3506? varied 85.0 101). 0 
3. 7x50x10 HH  (HR)    EG-?3- varied 90.0 110.0 
n. 
5. 

6. 

Runs Simult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

.Sect, b 
Target 
3-100 

Range(yds) 

Search   Search" 
Target   Range 
 (yds) 

55 MB 

73 MB 

75    M3 

10-5 

10-9 

10-9 

210 

065 

065 

Brazil 2330 

Hambrick 2690 

Brovn 2700 

sc 

SM 

SM 

1(000 

1(000 

1(000 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES OH DISCRIMINATIONS 

'arget IG and 100 

!other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
toot Sie, q*   1%" Not Sig~5^   1^ 

11 

15 

Closest Discrimination Calculable: 5-PI 

Observers 
Not Slg. Ssf  lj 

11 

15 

Instruments 

11 

15 

Bra=5rfiS^^^ 
1-G 

i-ioe 
7^17 

7200 

3920 

3693 

2573 

2077 

m nation Mean Range(yds) 

K-G 2253 

1)-100 2010 

1-PI 1720 

6-G 2777 

6-100 2107 

b-PI 1670 

272 
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APPENDIX C 

DATA       ON      RUNS      FOR      SET  Ac-1 

SUMMARY OF INSTRUMENTS 

1. 

-                              Instruments 

7x50x7    HH 

Positi.cn 

varied 

90% RRP 

83.0 

50% RRP 

100.0 

2. 7x50x10 HH varied 90.0 106.0 

3- 

It. 

5- 

7x50x10 HH(HR) virled U2.0 143.0 

6. 

RANGES 
Runs 

1)0 

1(2 

1)1* 

Simult. 
Set 

Date No.  on 
Date 

Course Wind Observer 
Sect,    c 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

- 10-21 1 210 W Sagaser 11)00 

M(1)D 10-1) 3 210 W Stroud 1200 

M(l)D 10-1) 5 210 w Cole 1850 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg.  5%       Vf> 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Hot Slg.  5%        1%   jjjgt Slg.   5%        1% 

Observers Instruments 

Closest Discrimination Calculable:   4-PI 

juiscrlm] nation    Mean Range (yds 

1-0 6197 

1-100 

ftgjTHMETIC  MEANS 7 r SO x 7 MM jgfffjSrimTnltioli    MJS H.n.e/vds 
in Range yds) DiscrlminatSon   Mean Hangt u" 1 

J.-PI 

i-G 

3-100 

3-PI 

5977 

3030 

1583 

1183 

1120 

RESTPICTED ;•(< 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

^ 

DATA       ON       RUNS       FOR 

SUMMARY OP INSTRUMENTS 

SET Ac-2 

1 Instruments Position 90* RRP 50* RRP• ... 

1.  7x50x7 HH - varied 72.0 100.0 

2.   7x50x10 HH - varied - 69.0 

3-   7x50x10 HHR - varied 52.0 84.0 

;: 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect,  c 
Target 
3-100 

Range(yds) 

46 M(1)D 10-4 7 210 V Sagaser 3100 
56 M(1)D 10-7 1 210 ¥ Cole 2140 
58 M(1)D 10-7 3 210 W Stroud 2150 

Search 
Target 

Search 
Range 
(yd«) 

SC 1250 

JTarget IG and 100 

Other Discriminations 

SUMMARY OF  OCCURRENCE OF SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 

INot Sic. 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
"II" 

Observers 
'Not Slg7 5*   1* Mot Slg. 5%   1* 

Closest Discrimination Calculable: 4-PI 

Instruments 

IDiscrimi nationMean Range(yds) 

1-G 5667 

1-100 4893 

1-PI 2427 

3-G 2783 

3-100 2463 

3-PI 1420 

ARITHMETIC MEANS 7 x 50 X 7  Kg BY DTSCRTMT^T• 
IDiscrimination Mean Range(yds) 

4-G 2390 

4-100 2030 

4-PI 1097 

[Discrimination    Mean Range(yds» 

274 
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APPENDIX C 

Instruments 

DATA       ON      RUNS      FOR      SETAd-l 

SUMMARY OP INSTRUMENTS 
Poi.tion 90% RRP 50* RRP 

7x50x7 HH 

7x50x10 HH 

7x50x10 HH(HR) 

varied 

varied 

varied 

71.0 

69.O 

85.0 

100.0 

98.5 

114.0 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect, d 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

41 M(l) E 10-4 2 065 - Venski 2850 _ 

43 M(l) E 10-4 4 065 - Saidikovski 2330 - - 

45 M(l) E 10-4 6 065 Vedovato 3450 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig. 5*   li Not Slg. 5%        1% Not Slg. 5*   1* 

Target IG and 100 

Other Discriminations 

1    1 

12    1 

2 

12     1 

2 

13 

Total Discriminations Calculable 

Total Discriminations Observed 

15 

15 

15 

15 

15 

15 

Closest Discrimination Calculable:  6 PI 

DISCRIMINATION 

Dl: crimination Mean Range(yds) Discrimlnation 

1-G 8040 4G 

1-100 7267 4-100 

1-PI 4427 4-PI 

3-G 4927 6-G 

3-100 2877 6-100 

3-PI 1727 6-PI 

4070 

2850 

2043 

2670 

2083 

1490 

plscrlminatlon    Mean Range(ydsj 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77.1,6 

DATA      ON      RUNS       FOR       SET   Ad-2 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

1. 7x50x7    HH varied 83.0 100.0 
2. 7x50x10 HH varied 82.0 94.0 
3. 7x50x10 HH(HR) varied 82.0 95.5 

Runs Simult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer- 

Sect, d 
Target 
3-100 

Range(yds) 

47 M(1)E 

57 M(1)S 

59   M(1)E 

SearchSearch 
Target   Range 
 (yds) 

10-4 

10-7 

10-7 

055 

065 

065 

Venski 

Saidikowski 

Vedovato 

2560 

34CO 

2600 

SM 

SM 

SUMMARY OF OCCURRENCE OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
 1 s^r; 1  

iNot Slg.   •&        i* 

Target IG and 100 

Other Discriminations 

!?otal Discriminations Calculable 

[Total Discriminations Observed 

Runs . Observers 
INot Slg. 5% 

12 

15 

15 

Closest Discrimination Calculable: 6 PI 

m Instruments 
INot Slg.   5%        1% 

2 

11 

15 

15 

2 

13 

15 

15 

 ARITHMETIC  MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
(Discrimination   Mean Range (yds) (Discrimination    Mean Rano» i -,i., < TTTHT 

6727 

5617 

3650 

2853 

1967 

(Discrimination    Mean Range (yds) 

4-G 3283 

4-100 2653 

4-PI 1850 

6-G 2770 

6-100 2257 

6-PI 10IO 

JLnscrlmlnatlon   Mean Range (yds» 

• 7t> 

1 
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APPENDIX C 

Instruments 

DATA       ON       RUNS      FOR      SET 

SUMMARY OF INSTRUMENTS 
D(5)i 

Position 

7x50x7 HH 

9x63x5.7 HH 

9x63x5.7 Mtd. 

408395 

3464 

3463 

90% RRP 

76.0 

104.0 

105.0 

50% RRP 

100.0 

119.0 

119-0 

RANGES p 

Runs 
Set 

No.  on 
Date 

Course Wind Observer 
Sect,    i 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

143 P(1)A 11-9 3 210 W Hughs 1650 SC 2350 
145 P(1)A 11-9 5 210 V Bridges 2300 SC 3750 
147 P(1)A 11-9 7 210 W Farone 2400 SC 3500 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Sig.   5%        1* Not Slg.   5«        Vh Not Slg.   5%        1% 

Target IG and 100 

Other Discriminations 

2 

.5          1          1 

2 

5          11 

2 

5          2 

Total Discriminations Calculable 

Total Discriminations Observed 

9 

12 

9 

12 

9 

12 

Closest Discrimination Calculable:   7-PI 

discrimination    Mean Range (yds 

!-G 7850 

1-100 6633 

1-PI 2767 

3-0 3617 

3-100 2117 

3-PI 1310 

ARTTHMFTIC  MEANS 7 X 50 X 7 HH BY DISCRIMINATION  ,   J   ,. 
- iT^<..S.Un?L!«^n.M»n    Moan Range(yds   blscrlmlnatlon   Mean Rangetydsj| [Discrimination Mean Range (yds 

7-0 3377 

7-100 1577 

7-PI 1253 

RESTRICTED dTl 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77.4g 

DATA       ON       RUNS       FOR       3 E I D(5)j 

 SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 

1. 
:2. 

3. 

1. 

5. 

7x50x7     HH 408395 

9x63x5.7 HH 3164 

9x63x5.7 Mtd. 3463 

83.0 

97.0 

104.0 

100.0 

109.0 

118.0 

Runs Slmult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

Sect,  j 

142 P(1)F 

144 P(1)F 

146  P(i)p 

Target 
3-100 

Range(yds) 
11-9 

11-9 

11-9 

065 

065 

065 

Search   Search" 
Target   Range 
 (yds) 

Jagelevskl 

Bamford 

Parker 

3650 

2330 

3000 

SM 

SM 

SM 

3800 

3250 

3620 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
~~I      Runs       I    '""  

[Target IG and 100 

'Other Discriminations 

1 Runs 
Not Slg. 5%~ HE 

I Total Discriminations Calculable 

Total Discriminations Observed 

1 

9 

12 

12 

Observers 
Not Slg. "5? Instruments 

2 

12 

12 

±4   [Not Slg.   5^~ 

2 

8 2 

HE 

[Closest Discrimination Calculable:    7-PI 

12 

12 

 ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 
Discrimination   Mean Range (yds) (Discrimination    Mean R»n• <.„<..~\ i,,, •:. 

1-G1 

1-100 

1-PI 

3-G 

3-100 

3-PI 

8550 

6677 

3267 

4633 

2993 

2077 

    . j. M   mi Ol  JJI3CRIMINA 
iDlscrlmination   Mean Range(yds) 

G 3120 

100 2583 

PI 1793 

0 2577 

100 1910 

PI 1593 

278 
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APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR      SET     D(5)k 

SUMMARY OF INSTRUMENTS 
Position 

7x50x7 HH 

9x63x5-7 HH 

9x63x5.7 Mtd. 

408395 

3464 

3463 

7 

8 

9 

90% RRP 50% RRP 

76.0 100.0 

84.0 104.0 

81.0 102.0 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect,    k 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

154 PD 11-27 1 210 - Barger 2150 SC 4170 

156 PD    . 11-27 3 210 - Pauli 4030 SO 5150 

158 11-27 5 210 V Stroud 1800 SC 5100 

SUMMARY  OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not Slg.  5$       1$ Not Sig.   5%        1* Not Slg.  5%       1 -f> 

Target IG and 100 

Other Discriminations 

1                      1 

15        1 

2 

15          1 

2 

16 

Total Discriminations Calculable 

Total Discriminations Observed 

18 

18 

18 

18 

18 

18 

Closest Discrimination Calculable: 7 PI 

ARITHMETIC  MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
IDlscrimlnatJon   Mean Range (yds) IDls. 

RESTRICTED 279 
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FIELD TESTS  OF OPTICAL INSTRUMENTS HAVORD REPORT 77-ljg 

DATA       OH       RUNS       FOR 

 SUMMARY OF INSTRUMENTS 

SET D(10)n 

Instruments Position 90% RRP 

1.  7x50x7 HH 

'2.  7^50x10 HH 

[3-  7x50x10 Htd 

4. 

5. 

•6. 

408395 

MZ5069 

BG8533 

76.0 

81.0 

85.O 

50% RRP~ 

100.0 

96.0 

100.0 

Runs Slmult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

Sect, n 
Target 
3-100 

Range(yds) 

Search   Search' 
Target   Range 
 (Jds) 

119 P(1)A 11-26 1 

151 *(1)A 11-26 3 

153 P(1)A 11-26 5 

210 

210 

210 

W 

W 

W 

Farone 

Hughs 

Sagaser 

3350 

1900 

2300 

SC 

SC 

SC 

5350 

3820 

^300 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

[Target IG and 100 

pther Discriminations 

iTotal Discriminations Calculable 

Total Discriminations Observed 

Rims 
«ot sig.  rä       it 

2 

12 

16 

18 

Closest Discrimination Calculable:   7 PI 

Observers 
!«ot sig. qg 

2 

12        2 

3E pot sig. 5*      it 

16 

18 

Instruments 

1    2 

14 

16 

18 

IDlscrlml nation    Mean 
1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

1-G 

4-100 

SBg&määatäv&fgmm 
9443 

8433 

3067 

3610 

2517 

1613 

3910 

2700 

282 
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APPENDIX C 

1 

Instruments 

DATA      ON      RUNS      FOR      3ET   D(10)o 

SUMMARY OF INSTRUMENTS 

7x50x7 HH 

7x50x10 HH 

7x50x10 Mtd. 

&08395 

M25069 

BG8533 

Position" 

varied 

varied 

varied 

90% RRP 50% RRP 

84.0 

85.O 

96.0 

100.0 

96.0 

102.0 

Runs Slmult. 
Set 

Date Ho.  on 
Date 

RANGES 
Course      Wind Observer 

Sect, o 
Target 
3-100 

Range(yäs) 

Searcn       Search 
Target        Range 
 (7ds)   I 

160 

162 

164 

EH 

EH 

EH 

12-8 

12-8 

12-8 

210 

210 

210 

V 

V 

Meadnis 

Vedovato 

Luce "*£3n 

SC 

SC 

SC 

1700 

2250 

1900 

SUMMARY OF OCCURRENCE 0? SIGNIFICANT "F"  VALUES OK DISCRXMIKATIOSS 

foot Sig.   5J        13   (Not Sig.  ?I 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 

7 

12 

Observers 
IS 

Instruments 
Tot Sig.   53        1% 

7 

12 

Closest Discrimination Calculable:     6 PI 

ARITHMETIC  MEANS 7 X 50 X 7 HH 3Y DISCHTXINATICN 
discrimination Mean Range(yds) Discrimination   Mean Range(ydsj -issrlzlcs-lsa Mean RaageCyds, 

1-G 4397 6-G                 17C3 

1-100 2833 6-100              1513 

1-PI 1583 6-PI 

1-0 1817 

4-100 1513 

4-PI 

SESTPICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-115 

DATA      ON      RUNS      FOR      SET   D(10)p 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP >U%  RRP 1 

1. 7x50x7    HH 408395 varied 79.0 

2. 7x50x10 HH MZ5069 varied 103.0 

3. 7x50x10 Mtd. BT6826 9 103.0 

4. - 

5. 

6. 

100.0 

117.0 

117.0 

RANGES 
Runs SlDUlt. 

Set 
Date No.  on 

Date 
Course 

161 BJ 12-8 2 065 

163 3J 12-8 4 065 

165 SJ 12-8 6 055 

Wind Observer 
Sect, p 

Target 
3-100 

Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

Stanley 

Lemaster 

Strickland 

1800 

1650 

2100 

SM 

SM 

SM 

1630 

35O0 

SMMARY OF OCCURRENCE  OF SIGNIFICANT  "F"  VALUES ON DISCRIMINAT 

Sarget IG and 100 

Other Discriminations 

Total Discriminations Calculable 

rets! Discriminations Observed 

Runs 
:NQt Slg.   5%        1<& 

2 

10 

12 

12 

No 
Observers 

t Slg.   5%        1% Wot Slg.  5%       IS 

2 

10 

12 

12 

(Closest Discrimination Calculable:   6 PI 

IONS 
Instruments 

2 

10 
9 

12 

12 

 ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
(Disori—nation   Mean Range (yds) (Discrimination   Mean Rnmmr-vi.T K;< :: 

*??3 

1-10: 

i-?i 

5-ix 

serimination   Mean Range(yds; 

4-100 1767 

4-FI 1120 

6-G 1950 

I767 

6-Pi 1120 

Discrimination    Mean Range(ydsJ| 

284 ?E£T?iriEE 
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APPENDIX C 

DATA      ON      RUNS      FOR      SET D(12)o 

SUMMARY OF INSTRUMENTS 

1. 

Instruments Position 90% RRP 50% RRP 

7x50x7    HH 408395 varied - 100.0 

2. 6x42x12 HH - varied - - 

3- 6x42x12 Mtd. - varied - - 

4. 

5- 

6. 

RANGES 

Runs Slmult. 
Set 

Date No.  on 
Date 

Course      Wind Observer Target 
Sect,   o 3-100 
 Range(yds) 

SearchSearch 
Target       Range 
 fads) 

166 

169 

171 

EH 

EH 

EH 

12-8 

12-9 

12-9 

210 

210 

210 

W 

W 

W 

Luce 

Meadnls 

Vedovato 

1500 SC - 
SM 1300 

SC 1250 

SUMMARY  OF OCCURRENCE  OF SIGNIFICANT "."" VALUES "« DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg.  5%       lit 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Not Slg.  5%       1% 

Observers Instruments 
Mot Slg.  5%       1%   ! 

Closest Discrimination Calculable: 

(Discrimination    Mean Range (yds) 
ARTTHMRTTC MEA"° 7 \52* Z BUS JJJBTTBTS    H— »-H-H Ana   f   A  J\I ^   (     ...   .  

[Discrimination   Mean Range(yds 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

3590 

3480 

1683 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA       ON       RUNS      FOR       SET D(12)p 

SUMMARY OF INSTRUMENTS 
Instruments Position 90* RRP 50* RRP  1 

1. 7x50x7 HH 108395 varied - 100.0 

2. 6x1(2x12 HH - varied - - 

3. 6x1(2x12 Mtd. - varied - - 

it. 

5. 

6' 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course  Wind Observer 

Sect.p 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

167 EJ 12-8 8 065 Lemaster 2100 SM 4050 

168 EJ 12-9 1 065 Stanley- 1430 SC llOO 

170 EJ 12-9 3 065 Strickland 2700 SM 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMIHATI0N3 
 1 ~.      1 ^ •  Runs 

[Not Slg.   5* 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

JE 
Observers 

iHot Slg.   *,%   —W Mot  Slg.   5%        1* 
Instruments 

.Closest Discrimination Calculable: 

        ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
(Discrimination   Mean Range(yds) '*"—'~       ' ' 

1-G 

1-100 

1-PI 

3-0 

3-100 

3-PI 

3350 

2733 

2167 

2250 

2077 

(Discrimination    Mean Range(yd3) (Discrimination    Mean Range (yds 

286 
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APPENDIX C 

DATA      ON      RUNS      FOR      SET D(12)q 

SUMMARY OF INSTRUMENTS 
—         Instruments Position 90% RRP 50% RRP 

1. 7x50x7 HH      108395 8 - 100.0 

2. 6x^2x12 HH 7 - - 

3- 6x12x12 Mtd.    3 - - - 

4. 

5. 

6. 

RANGES 

Runs Slmult. 
Set 

Date Mo.  on 
Date 

Course      Wind Observer Target 
Sect.q 3-100 
 Range(yds) 

SearchSearch 
Target       Range 
 (yds) 

173 

175 

177 

Ep 

Ep 

Ep 

12-9 

12-9 

12-9 

6 

8 

10 

210 

210 

210 

W 

W 

w 

Hughs 

Staton 

Anderson 1700 

SC 

SC 

SC 

1500 

1(070 

SUMMARY OF  OCCURRENCE   OF 

INOt Slg.  5*       lfr' 

[Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

SIGNIFICANT "F"  VALUES OH DISCRIMINATIONS 
Runs Observers 

|Not Slg.   5* m 
,       Instruments       , 
bot Slg.   b%        Vf>   I 

Closest Discrimination Calculable: 

(Discrimination    Mean Range (yds; 

1-G 1(900 

1-100 2727 

1-PI 2377 

3-G 

3-100 

3-PI 

M^m^m^^i^^W^^ß^^^ MeanRange(yds 

HESTRICTED 287 
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FIKLD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1)6 

DATA      ON      RUNS      FOR      SET   D(12)r 

SUMMARY OP INSTRUMENTS 
i— Instruments Position 90% RRP bO% RRP 

'r ;s:«osr   HH ^8395 8 - 100.0 

1 > rvx^Cxl.? HH - 7 - - 

u ox^xlc Ntd. -    • 9 - - 

r 
i*Nt 

je-. 

RANGES 
SM» Sisölt. Xs.te No •  on 

Date 
Course Kind Observer 

Sect, r 
Target 
3-100 

Rance(yds) 

Search 
Target 

Search 
Range 
(yds) 

;v s* I.—s - Oo5 - Roark 1250 SJJ 21CD 

:-A s* IC-* - CÖ5 - Naumann 1^20 SM - 

s« i?Ö? Fillssey 1820 SM 3"5C 

szysass es vOws?^s"s C3 SI3SIPICANT "F" VALUES ON DISCRIMTTiA'? IONS 
Runs 

DCot Sic.  S* 1* 
Observers Instruments 

t&^e- i5 «^ ICC 

• *••=•-=-=*-*«    *?*= Stsg^r«' 5^rTSSt«3S    5^g Saagetyda) [Dlscrlalcatij-    Mean ?ga-7i.. 

:-_cc 

.N- 
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APPENDIX C 

DATA      ON      RUNS      FOR      SETEp 

 SUMMARY OF INSTRUMENTS  
Instruments Position 90% RRP 50% RRP 

1. 

2. 

3- 

lt. 

5- 

6. 

6x33x7 

6x50x7 

6x^2x7 

Not sufficient data 

RANGES 

Runs Slmult. 
Set 

Date No. on 
Date 

Course      Wind Observer         Target       SearchSearch 
Sect, p            3-100         Target       Range 
 Range (yds)   (yds) 

173        D12q 

175   D12q 

177   D12q 

12-9 

12-9 

12-9 

6 210 V 

8 210 V 

10 210 V 

Lemaster 

Stanley 

Strickland 

SC 

SC 

SC 

SUMMARY  OF OCCURRENCE   • STONTFTCANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg.  it       1». 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs »nf. sig. Ü1    .is. üöpJR. a      it 

N.S.D. 

Instruments 

Closest Discrimination Calculable: 

 ftRITHMETIC  MEAN?  7 3 52 5 7 H" S jnjSSHmüi eg RJnjiTySsl 
scrimlnatlon    Mean Range(yds)  Discrimination    Mean Rangeiy 

RESTRICTED 2HO 
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FIELD TESTS OF OPTICAL INSTRUMENTS HAVORD REPORT 77-1(6 

^f 

DATA      OH      RUNS      FOR      SET   Fa-1 

 SUMMARY OF INSTRUMENTS 
Instruments Position 90jS RRP bOit RRP    —1 

SxJxijS:    HHV-W^    ^llllS? 

varied 

varied 

varied 

81». 0 

96.0 

101.0 

100.0 

113.0 

109.0 

~^üss—Sissiis "St 
RAKGSS 

X^> ä  Ccurse  Wind Observer   Target 
Sect, a   3-100 
 Range(yds) 

Search   Search" 
Target   Range 
 (yds) 

Sink ii450 SG 

Lsnontagne        2750 SC 

Phillips 5300 SM 

5200 

g'.VXASY J? .WC5SEETS  .'? SSSIFIJJüre "F" VALUES OK DISCRIMINATIONS  
Observers I        Isst;—j-:s 

K3t  Sl=.3* 1 3^~ Sir.   ^ 1* Not Sic.   5%        IS 15 

.$,--U2_TatiÄ     S9SS  ?3^5S 

rCc: 

S x -.   x  - 53 SV rTS.^TwroiTT.-.v  

X?5i  ?£^ 

1 

t 

APPENDIX C 

DATA      OK      RUNS      FOR      SET Fa-2 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

!.      7x50x7    HH 

2. 8x60x9    HH(-ld)    2111187 

3. 8x60x9 HH(-2d)  - 

1). 

5- 

6. 

varied 

varied 

varied 

83.O 

97.0 

101.0 

100.0 

106.0 

108.0 

RANGES 

Runs  Simult. 
Set 

Date Ho.  on      Course      Wind 
Date 

Observer         Target       Search       Search 
Sect,    a         3-100         Target       Range 
 Range (yds) (yds) 

86 

88 

101» 

BB 

BB 

BB 

10-10 t 065 Phillips 

10-10 6 065 Zink 

11-1 6 065 Lamontagne 

3600 

1»200 

3900 

•SM 

SC 

SM 

Target IG and 100 

Other Discriminations 

snMM&Ry OF OCCURRED  OF ^TPTCANT "F" VALUES Mggggg 

Hot Slg.   it        2%'_ 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Hnh Slg. •?*   1* 

2 

1 

12 

12 

•   Instruments 
Unt. Slg. vi        rp 

2 

10 

12 

12 

2 

10 

12 

12 

Closest Discrimination Calculable:   6-PI 

Discrimination    Mean Range(ydsj 

1-0 

1-100 

1-PI 

3-G 

3-100 

3-PI 

8227 

8227 

5683 

5900 

3900 

2677 

1»-G 

It-100 

1»-PI 

6-G 

6-100 

6-PI 

1)817 

3183 

2527 

3K10 

2860 

2383 

AS^TI^^ 

RESTRICTED 291 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-^5 

DATA      ON      RUNS      FOR      SET   Fb-1 

SUMMARY OF INSTROMENTS 
Instruments Position 90% RRP 50% RRP' 

1. 7x50x7              HH Varied 78.O 100.0 

a. 8x60*7 (-Id)    HH 2111187 Varied 74.0 97.0 

3, Sx60x7,(-2d)    HH Varied 84.0 104.0 

J». 

5. 

0. 

Runs Siault. 
Set 

RANGES 
Date No.  on 

Date 
Course      Wind Observer          Target        Search        Search 

Sect,   b            3-100          Target        Range 
 Range (yd s) (yds) 

SO BA 

^ BA 

?> BA 

10-9 

lO-o 

IC-TO 

065 

065 

210 

Brazil 

Brovn 

Eaabrick 

4200 

2200 

1800 

SM 

SM 

sc 

4670 

3820 

StXKAKi* 0? OCCTEKSXCS  Co ' SIGNIFICANT "F" W iUSS ON DISCRIMINA7 
Observers 

IONS 

D&rjst 13 ssd ICO 

1^»»^^       _ 

jKat Sip.   ?y 1* Not Sip.  5%        1% Rot Sic.   5%        1% 

tc«i ns^?i=l=s.tic=.s Charred 

r~«ssT ~scrial^a-*j- ?-*"i-•":*M^:   e-?Z 

1   -   _  - 11    -^t5X57K; ^| " * ^ * T HK BY piSCRirojATIQN 
1-3  -'^Pl pa.«ri=i3is«ca    «ear. Range(yds) bis, Lscrlmlnation    .Mean Range (yds» 

APPENDIX C 

DATA      ON      RUNS      FOR 

 SUMMARY OF INSTRUMENTS 

SET   Fb-2 

Instruments Position 90$ RRP 50% RRP 

1. 7x50x7    HH 

2. 8x60x9    HH(-ld)    2111187 

3. 8x60x9 HH(-2d)  - 

4. 

5- 

6. 

varied 

varied 

varied 

77.0 

90.0 

83.0 

100.0 

109.0 

103.0 

RANGES 

Runs Slmult. 
Set 

Date No.  on 
Date 

Course      Wind Observer Target 
Sect,    b 3-100 

Range(yds) 

89 

91 

103 

BA 

BA 

BA 

10-10 

10-10 

11-1 

7 065 W Brovn 2400 

9 065 W Brazil 4000 

5 210 - Hambrlck 2480 

SearchSearch 
Target       Range 
 (yds) 

SM 

SM 

SC 

3830 

3600 

«„MMOPV   OF OCCURRED   OF «TP.NTFTCANT "F"  VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
[Hot Slg.  i>i* 

1 

10 

j^Nöpnzii   -^ "H°-s-gi& 

12 

12 

12 

12 

Instruments 
IÖ 

2 

10 

12 

12 

Closest Discrimination Calculable:   6 PI 

[Discrimination    Mean Range (yds; 

1-G 8110 

1-100 

iüMMM^^ 

i-Pi 

3-G 

3-100 

3-PI 

8083 

5450 

36G7 

2960 

i960 

ANS  7   X   ?U  X.   I   m, ^.,   ....  
IDlscrlml nation    Mean Range (yds) 

6-G 

6-100 

6- PI 

2783 

2083 

1633 

RESTRICTED 293 
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PXKID TKST3 OP OPTICAL INSTRUMENTS NAVORD REPORT 77-i»6 

DATA       ON       RUNS       FOR       SET   Fe-1 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP W£ RRP 

1. 7x50x7    I1H varied 76.0 100.0 

>•% SxcOxO    HH(-ld)    2111187 varied 101.0 121(.0 

3» tlxoOxp    HH(-2d)    - varied 97.0 119.0 

*, 

5. 

°\ 
RANGES 

Suus Slault. 
Ss>t 

Data No.  on 
Date 

Course Wind Observer 
Sect,    e 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

eo >1{1)I> 10-7 5 065 ¥ Venski 1780 SC 3000 
O BD 10-7 7 210 V Stroud 1950 SC 2600 
e* BD 1C-S 1 210 • W Saidikowski 1390 SC 

»esst Ifi sad ICC 

S'-'JiMARy 0? OCCTRRSiWB  OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
Runs 

Not SIR. j% —nr 
Observers 

Not Slg.   5t        li Mot Slg.   5S        H 
•i.nstn;rants 

[Ci^S«Sji: ;2.S«riai;Srti« C-iijulstslö!    *(  PI 

I   >xcc 

!    "" • ~ 

! >L 

       ^P1^^ >^S 7 X HO XJjMjQyjTgcnTMTNATTON 

'1-0 

'I- loo 

'I-PI 

II.Mci 

I'l.'li 

rlmlnation    Xe&2 Range (rial 

-••j/| 

APPENDIX C 

Instruments 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

SET   Fe-2 

Position 90% RRP 50% RRP 

7x50x7    HH 

8x60x9    HH(-ld)    2111187 

8x60x9    HH(-2d)    - 

varied 

varied 

varied 

82.0 

85.0 

86.0 

100.0 

97.0 

96.O 

RANGES 

Runs 

66 

68 

70 

Slmult. 
Set 

BD 

BD 

BD 

Date No.  on 
Date 

Course      Wind Observer Target 
Sect,    e 3-100 
 Range(yds) 

SearchSearch 
Target        Range 

(^s) 

10-8 3 210 

10-8 5 210 

10-8 7 210 

w 

w 

w 

Stroud 

Venski 

Saidikowski 

1430 

1300 

1680 

SC 

SC 

SC 

2600 

Target IG and 100 

Other Discriminations 

SU^OF^RJ^^ 
. Runs 
Not Slg. W 

Total Discriminations Calculable 

Total Discriminations Observed 

m 
 Observers 
iHnt-, Slg.  •& IE 

Instruments       , 
"not. Slg.  ^       1%   I 

Closest Discrimination Calculable: 4- PI 

Discrimination Mean Range(yds) 

1-G 3570 

1-100 2817 

1-PI 1563 

3-G 1927 

3-100 1470 

3-PI 12^0 

iDlscrlminat 

4-G 

It-100 

JJ-PI 

1900 

1127 

1183 

RESTRICTED 295 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1)6 

DATA      ON       RUNS       FOR       SET   Ff-1 

SUMMARY OF INSTRUMENTS 
Instruments Position 9056 RRP boi RRP     — 

1. 7*50x7 HH              259898 varied 73.0 100.0 

2. 8x60x9 HH(-ldj.    2IIU87 varied 83.0 93.0 

3. 

4. 

5. 

8x60x9 HH(-2d)     - varied 101.0 107.0 

5- 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect,    f 
Target 
3-100 

Range(yd3) 

Search 
Target 

Search 
Range 
(yds) 

61 BE 10-7 6 065 _ •    Patone 1400 SM 2300 
63 BE 10-7 8 065 - Sagaser 2300 SM 2500 
65 BE 10-8 2 065 Vedovato l6lO SM 2300 

Target 10 and 100 

Other Edscriiiinations 

SUMMARY 0? OCCURRENCE   OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
, Runs 
toot Slg.   5S 

Total Discriminations Calculable 

Total Discriminations Observed 

OH 
2 

12 

15 

15 

Observers 
iNot Slg.  5%        1% 

,        Instruments 
Mot Slg.   <T%~~ 

2 

13 

15 

15 

m 
2 

13 

15 

15 

[closest Discrimination Calculable:   6-Pl 

(Discrimination   Xean Range (yds) 

i-c- 5187 

1-10O   ' 44c";» 

1-PI 2*33 

2193 

ARITHMETIC MEANS 7 X SO x 7 HH BY DISCRIMINATION 
(Discrimination    Mean Range (ydsj 

3-100 

3-?I 

i-To? 

1300 

4-G 

4-100 

4- PI 

6-G 

6-100 

6-PI 

2167 

1733 

1300 

1977 

1500 

1127 

[Discrimination    Mean Range (yds! 

296 RESTRICTED 

APPENDIX C 

DATA      ON      RUNS      FOR      SET  Ff-2 

 SUMMARY OF INSTRUMENTS_ 
Instruments Position 90% RRP 50% RRP 

7x50x7    HH 259898 

8x60x9    HH(-ld)    2111187 

8x60x9    HH(-2d)    - 

varied 

varied 

varied 

83.O 

91.0 

91.0 

100.0 

101.0 

100.0 

Runs Simult. 
Set 

Date 

67 BE 10-8 

69 BE 10-8 

71 BE 10-8 

No.  on 
Date 

Course 
RANGES 

Wind Observer Target 
Sect,    f 3-100 
 Range(yds) 

SearchSearch 
Target       Range 
 (yds) 

4 065 

6 065 

8 065 

Farone(Cole) 

Vedovato 

Sagaser 

1780 

l6l0 

2400 

SM 

SM 

SM 

2200 

2900 

Target IG and 100 

Other Discriminations 

SUMMARY  OF OCCURRED  OF SjGNIFICANT "F" VALUES^SgMNjTigM 

wot sig. 1*      i-p 

Total Discriminations Calculable 

Total Discriminations Observed 

rmssrvers '"•J"^^ 1u! 
Mnh sic.  SJ   ^^H_ot_Si£.  H       1%. 

2 

12 

15 

15 

2 

13 

15 

15 

Instruments 

2 

13 

15 

15 

Closest Discrimination Calculable:    6 PI 

1-0 

1-100 

1-PI 

3-G 

3-100 

3-PI 

1593 

4027 

2100 

2760 

1930 

1317 

1»-100 

4-PI 

6-0 

6-100 

6-PI 

2060 

1780 

1200 

1747 

1567 

1250 

,_ ^TTHMETIC   MEANS 7 x SO *.QHJ£L^^ 
Discrimination    Mean Range(yds) I• «nriminalJon    Mean Rang r | 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-45 

^F 

Instruments Position 90% RRP bO* RRP      —] 

1. 7x50x7   HH - varied 60.0 100.0 

2. 7x50x10 HH - varied 79.0 104.0 

3. 10x50x7    HH - varied 91.0 116.0 

4. 

5. 

6. 

RANGES 
Runs Simult. 

Sat 
Date No. on 

Date 
Course Wind Observer 

Sect.j 
Target 
3-100 

Range(yds) 

Search- 
Target 

Searc 
Range 
(yds) 

114 1   (A)F 11-2 8 065 - Parker 1830 SM 

116 1  (A)F 11-5 2 065 V Bamford 3280 SM 3200 

118 1  (A)F 11-5 4 065 V Jagelewski 4330 SM 2600 

Target IG ana ICC 

Other Discriminations 

SUMMARY CF CCCTKRBNCB OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
, Runs 
iNot Slg.   5J 

Total Discriminations Calculable 

To-tal BiscrlTrl nations Observed 

3H Not Slg.   5t        1% 

7 

11 

Observers Instruments 
INot Slg.   5%~ 

7 

11 

m. 

7 

11 

[Closest Discriaicacioa Calculable:    5-100 

iuj.rnjia'.l.'i.ü  in 
IDiscrisination   Mean Range (yds) 

1-5 &350 

ARTTHMETIC MEANS 7 X 50 x J HH BY DTSORTMT^ATION 

pi so rimination    Mean Range(yds» [Pi sc rlmina tl on   Mean Range (yds) 

1-1CIC 

1-?I 

3-WC 

3-FI 

6133 

•»453 

314' 

2053 

;96 FESTFICTED 

APPENDIX C 

DATA      ON      RUNS      FOR      SETHk 

SUMMARY OF INSTRUMENTS 
Position 90% RRP 50% RRP 

!.      7x50x7    HH 

2-      7x50x10 HH 

3.    10x50x7    HH 

H. 

5- 

,6- 

BT6826 

varied 

varied 

varied 

77.0 

51.0 

86.0 

100.0 

83.O 

106.0 

RANGES 

Runs Simult. 
Set 

Date No.  on 
Date 

Course      Wind Observer         Target       Search       Search 
Sect, k           3-100         Target       Range 
 Range (yds) (yds) 

133 

135 

133 A 

PD 

PD 

11-8 3 210 - Stroud 1400 

11-8 5 210 - Pauli 1900 

11-8 1 210 - Barger 1450 

sc       2550 

SC 2200 

SC 2350 

,„„ ,• ^TPTITFICANT "F" VALUES ON P-•nRTMTNATI0NS 
SUMMARY OF pnr.TTRRENCE OF*TCTTF,fAIf -—T~~-nr^r-vers -—  ' •                                                 nuns —[___——-—    =2        -i,i    w0t  Runs 

Wnf.  Slg.   5T 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

llJnr-. S1g.   1»        1* 

I        insfpumsnts       . 
W Slg.   bit       Xf> 

Closest Discrimination Calculable:   6-100 

Discrimination Mear 1 Range(yds 

1-G 5200 

1-100 3860 

1-PI 2397 

3-G 2540 

3-100 1583 

3-PI 

RESTRICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-^g 

DATA       ON       RUNS       FOR       SET     HI 

 SUMMARY OF INSTRUMENTS  
Instruments Position 90% RRP 50% RRP" 

7x50x7 HH 

7x50x10 HH 

10x50x7 HH 

BT-6826 

varied 79.0 100.0 

varied 91.0 108.0 

varied 104.0 117.0 

Runs Simult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

Sect. 1 
Target 
3-100 

Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

134 PG 11-8 4 065 W Saidlkovskl 2000 
136 ?G 11-8 6 065 W Mlkolay 3000 
133B - 11-8 2 065 W Vedovato 1300 

SM 

SM 

SC 

3450 

3900 

2250 

SUMMARY OF OCCURRENCE 01 ' SIGNIFICANT "F" W 
Runs ILUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Sip.   5%        1* 

1                        1 

8         i( 

Not SIR.   5%        1$ 

2 

10         2 

Not SiR.   556        1% 

1          1 

10          2 
Total Discriminations Calculable 

Total Discriminations Observed 
111 

in 
14 

It 
14 

in 
Closest Discrimination Calculable:       6-100 

AHITHM3TIC MEANS 7 X 50 x 7 HH BY DISCRTMTNA'PTnM 

1-G                           6S93 
Discrimination   Mean Range(yda) 

'I-PI                1297 
Discrimination   Mean Range(ydsJ 

1-100                   5077 
6-G                1983 

1-PI                    2527 6-100             131)3 

3-G                           3117 6-PI               mo 
3-100                               2100 7-G                 1283 

3-PI                         1570 7-100             1017 
4-G                                 2627 7-PI 
4-ioo                    1827 

300 RESTRICTED 

APPENDIX C 

DATA      ON      RUNS      FOR      SET   Wg-1 

SUMMARY OF INSTRUMENTS 
Position 90% RRP 50% RRP 

7x50x7 HH 

7x50x10 HH 

6x^2x12 HH 

BT6826 

"B" 

varied 

varied 

varied 

8K.0 

86.0 

95.0 

100.0 

100.0 

10l(.0 

RANGES 

Runs Simult. 
Set 

Date Ho.  on 
Date 

Course      Wind Observer 
Sect,    g 

Target       Search       Search 
3-100         Target       Range 

Range (yds) (yds) 

92 

91 

96 

BD 

VD 

VD 

10-11 1 210 W Venski 1900 

10-11 3 210 - Cole 2690 

10-11 

• 
5 210 - Sagaser 2450 

SC 

SC 

SC 

SUMMARY OF OCCURRENCE  OF 
SIGNIFIÄrLVA^^ 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Closest Discrimination Calculable:   5"F 

 ARITHMETIC  IBffiBS-La-a^f^pS^^gggTygsm 
Discrimination    Mean Range (yds) IDiscrlmlnatJon 

HH BY DISCRIMINATION  
- ,.- --., 1 T(i3) [Discrimination   Mean Range (yds) 

1-G 6690 

1-100 6010 

1-PI 2880 

3-G 3253 

3-100 2348 

3-PI 1610 

4-G 2403 

4-100 1780 

4-PI 1203 

6-G 2460 

6-100 1937 

6-FI 1413 

RESTRICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS 

^F 

NAVORD REPORT 77-1(6 

Instruments 

DATA       ON      RUNS       FOR 

SUMMARY OF INSTRUMENTS 

SET    Wg-2 

Position 90% RRP t>0% RRP 

1- 7x50x7    HH 

2. 7x50x10 HH 

3- 6x42x12 HH 

5. 

6. 

BT6826 

"B" 

varied 

varied 

varied 

83.0 

79.0 

83.0 

100.0 

95.0 

99.0 

Runs Slmult. 
Set 

Date Ho.  on 
Date 

RANGES 
Course      Wind Observer 

Sect,    g 

98 

99 

101 

Target 
3-100 

Range(yds) 

VD-3 

VD-4 

VD-5 

Searchsearch 
Target   Range 
 (yds) 

10-11 

11-1 

11-1 

7 210 - Venskl 2900 
1 210 - Cole 2550 
3 210 - Sagaser 3080 

sc 

sc 

sc 

4100 

3900 

SUMMARY OF OCCURRENCE  OF SIGNIFICANT  "F" VALUES ON DISCRIMINATIONS 
I Runs ' 

|Target IG and 100 

Other Discriminations 

. Runs 

iTotal Discriminations Calculable 

Total Discriminations Observed 

m: Not Siel qqj   i£ 

2 

6 

9 

12 

[Closest Discrimination Calculable:  5-PI 

Observers 
bot Sie. |g   1^ 

9 

12 

Instruments 

9 

12 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

Discrimination    Mean Range(yds 

      AiilVii.MKTIC MEANS  7 X 50 X 7 HH BY-DISCRIMINA !Dlscrlmi nation   Mean Range (yds) [Discrimination   Mean Range (yds) 

1-G 7127 I " " 

6683 

3793 

. 3883 

2843 

1743 

4-G 

4-100 

4-Pi 

3143 

2453 

1593 

302 
RESTRICTED 

APPENDIX C 

DATA      ON      RUNS      FOR      SET   Wh-1 

SUMMARY OF INSTRUMENTS 
Position 90% RRP 50% RRP 

. 7x50x7 HH 

7x50x10 HH 

6x42x12 HH 

BT6826 

"B" 

varied 

varl«i 

varied 

80.0 

84.0 

75.0 

100.0 

102.0 

92.0 

RANGES 

Runs Simult. 
Set 

Date No.  on 
Date 

CourseWind Observer         TärgSt       Search ' 
Sect,    h         3-100          Target 
 Ranee(yds)  

"Search 
Range 

Jyda) 

93 VE 10-11 2 065 

95 VE 10-11 1» 065 

97 VE 10-11 6 065 

Saidlkovskl 3500 SM 

Stroud 2100 SH 

Vedovato 2800 SM 

3450 

3210 

*-iL**«"**«''i£*WÖSSe^ 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

Instruments 

DATA      OK      RUNS      FOR      SET   Kh-2 

SUMMARY OF INSTRUMENTS 
Position 90% RRP 

1. 

2. 

13- 

4. 

5. 

'6. 

7x50x7 HH 

7x50x10 HH 

6x1*2x12 HH 

BT6826 

"B" 

varied 

varied 

varied 

85.0 

79.0 

69.O 

W% RRP ~—1 

100.0 

93.0 

83.O 

Runs Slmult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

Sect, h 

100 

102 

106 

VE 

VE 

VE 

11-1 2 065 Saldikowski 
11-1 4 065 Stroud 

11-1 8 065 Vedovato 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

3550 

2300 

28C0 

SM 

SM 

SM 

SUMMARY OF OOOURRKNCE   OF SIGNIFICANT  -p-  VAXUgS • nn^„nj^ 

[Target IG and 100* 

lOther Discriminations 

 Runs  
Not Slg. jg   ij- 

Total Discriminations Calculable 

iTotal Discriminations Observed 

1 

7 

. " -.w-n instruments 
ii^-^^-^--ZiiZNoj_sj^L^__Zii 

9 

12 

|Cl03est Discrimination Calculable:   5-PI 

Observers 

2 

3 

Instram°iit« 

9 

12 
9 

12 

(Discrimination    Mean Range (yds ) 
1   1-0 8267 

^^m^M^^VLmmmmm 
1-100 

l-pi 

3-G 

3-ZOO 

3-PI 

8267 

3683 

5033 

2883 

1447 

[Discrimination Mean Range(yd3j 
I      " -       4083 4-G 

4-100 

4-PI 

Discrimination   Mean Range(yds 

3017 

I817 

304 
RESTRICTED 

APPENDIX C 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

SET   Vi-1 

Position 90% RRP 50% RRP 

7x^0x7    HH 

7x50x10 HH 

6x42x12 HH 

BT6826 

"A" 

84.0 

83.0 

88.0 

100.0 

94.0 

96.0 

RANGES 

Runs 

107 

109 

111 

Slmult. 
Set 

Date No.  on 
Date 

Course      Wind Observer Tirgit       SiSFcTi       Search 

*<*•    [      HaSdsj    Targ6t        5S5- 

1 A(F) 

1 A(F) 

1 A(P) 

11-2 

11-2 

11-2 

1 

3 

5 

210 

210 

210 

W 

V 

w 

Hughs 

Farone 

Bridges 

2180 

1300 

1370 

SC 

SC 

SC 

2200 

2120 

«MMM^Y OF OCCURRENCE OF SIGNIFICANT _r 
"F"  VALUES ON DISCRIMINATIONS 

,larget IG and 100 

Other Discriminations 

Total Discriminations Calculable 

iTotal Discriminations Observed 

Closest Discrimination Calculable:    5-1 

Discrimination    Mean 

1-0 4027 

1-100 3120 

1-PI 1750 

3-G 1993 

3-100 1617 

3-PI 

HH BY DISCRIMn!43iPi^^l^atiö1^^^^ 
ARITJMCM^^ 
in Range (yds) |DlsorluilnatJon 

5-0 

RESTRICTED 
105 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA      ON      RUNS      FOR      SET   w(s)l-2 

 SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP    I 

1. 

'2. 

13. 

4. 

5- 

7x50x7 EH 

7x50x10 EH 

6x1)2x12 HH 

3T&32& 

"A" 

varied 

varied 

varied 

100.0 

Runs Slmult. 
Set 

Date No. on 
Date 

RANGES 
Course Wind Observer 

Sect. 1 
Target 
3-100 

Range(yds) 

Search 
Target 

121 B(s)A    11-5 

123 B(s)A    11-5 . 

124 H(l)A-2  11-6 

Search 
Range 
(yds) 

210 

210 

065 

Farone 

Hughs 

Bridges 

2050 

1300 

2130 

SC 

SM 

SC 

4250 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES OH DISCRIMINATIONS 

[Target IG and 100 

Other Discriminations 

llotal Discriminations Calculable 

Total Discriminations Observed 

Run3 
Not Slg. =#   ut 

, Observers 
IKot Slg. 51 m hot Slg. 5jt   1% 

Idosest Discrimination Calculable: 

Instruments 

 ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
[Discrimination Mean Range(yds) (Discrimination Mean ifsncol^i. ^  FT; :." 

3-G 

3-100 

3-PI 

2667 

Discrimination    Mean Range(yds) Discrimination    Mean Range (yds jj 

306 
RESTRICTEI 

APPENDIX C 

DATA       ON      RUNS      FOR      SET W(s)i-3 

 SUMMARY OF INSTRUMENTS 
Tnatr"""*"*3 Position 90j6 RRP 50% BRP 

|l.    7x50x7    HH 

7x50x10 HH 

3.     6x12x12 HH 

\. 

5. 

BT6826 

"A" 

80.0 

94.0 

78.0 

100.0 

105.0 

89.0 

RANGES 

Runs Slmult. 
Set 

Date Ho.  on 
Date 

Course      Wind Observer        Target 
Sect,    i        3-100 

RangeIyds) 

125    B(s)A 11-6 3 210 Hughs 1950 SM 

127    B(s)A 11-6 5 210 Bridges 1900 SC 

129    B(3)A 11-6 7 210 Farone 1250 SC 

Search       Search 
Target       Range 

(yds) 

3500 

3100 

2500 

Parget IG and 100 

Other Discriminations 

.„„  m =Tr»TPTCAirr "'"VALUES OH DjSraiMINATIQMS 
^MM^Y  OF OCCURRBNCg  OF STONTFTCANT^V ^ l_ 

Total Discriminations Calculable 

Total Discriminations Observed 

Tnat-nimsnts 

2 

10 

Closest Discrimination Calculable:     t>-l 

„       ,, „w BY DIS_CgIMINA^gW ,,,,,,    ||  muiHT"" 
- ARITHMETIiLMi^ 
Ülscrlmlnatlon    Mean Range (yds) Discrimination 

RESTRICTED .•tor 
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^JIE. IELD TESTS  OF OPTICAL INSTRUMENTS NAVORD REPORT 77-if 6 

DATA      ON      RONS      FOR 

SUMMARY OF  INSTRUMENTS 

SET   Wj-1 

Instruments Position 90* RRP 50* RRP 

1. 7x50x7    HH - 7 86.0 100.0 

2. 7x50x10 HH BT6826 8 92.0 97-0 

3. 6x42x12 HH "A" 9 81.0 91.0 

H. 

5. 

6. \ 

RANGES 
Runs      Slmult. 

Set 
Date No.  on 

Date 
Course Wind .Observer 

Sect,     j 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

108    1(A)F 11-2 2 065 - Jagelewski 2000 - 

110   I(A)F 11-2 k 065 V Parker 1170 - - 

112    1(A)F 11-2 6 065 Bamford 1500 

SUMMARY OF  OCCURRENCE   OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed   . 

Runs 
Not Slg.   5%        1* 

5 

11 

Observers 
Not Slg.   5%        1* ttot Slg.   5%        1* 

5 

11 

Instruments 

[Closest Discrimination Calculable:    5-100 

IDiscriml nation    Mean Range (yds) 
ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION  ^-  ,        — -...»..J.HII> 

Discrimination    Mean Range(yds; 

1-G 

1-100 

1-PI 

3-G 

3-100 

3-PI 

5733 

2993 

1750 

2030 

1557 

Discrimination   Mean Range(yds\ 

308 
RESTRICTED 

I 

APPENDIX C 

DATA      ON       RUNS      FOR      SET   W(s)j-2 

SUMMARY OF INSTRUMENTS 
P03ltlon 90* RRP 50* RRP 

7x50x7 HH 

7x^0x10 HH 

6x1(2x12 HH 

BTbKb 

"A" 

varied 

varied 

varied 

100.0 

Target 
3-100 

Range(yds) 

SearchSearch 
Target       Range 

(yds) 

120 B(s)F 

122 B(s)F 

126   B(s)F 

11-5 6 065 V Bamford 2700 SM 3050 

11-5 8 065 V Parker 21(00 SM 3400 

11-6 i« 065 - Jagelewski 3650 SC 2300 

j^m^m^^^mm^^^^^^^ 
Wnf. s;.g. ?fl—ii 

Parget 10 and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

'ant Slg.   y»        1% 

Closest Discrimination Calculable: 

nfTm„uvrpTn MEANS 7 x^O_pa---5^T?CTlscrim 
in Range (yds)  Dlsci'luiinatJon 

ffiSTRICTED 
•SO1-) 
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FIELD TESTS OF OPTICAL IKSTKÜMSNTS KAVORD REPORT 77-k6 

^F TRStjaaejts 

DAJA       ON       RUNS       FOR 

SUMMARY OP INSTRUMENTS 

SET     V(s)j-3 

Position 90% RRP 50% RRP I 

1. 

2. 

3. 

f. 

7xS"*~ HF. 

rx?0xl0 HE 

ta^xü: HE 

81).0 

80.0 

71.0 

100.0 

89.0 

76.0 

S«t 
£ste No.  on 

Date 

RANGES 
Course      Wind Observer 

Sect,    j 
Target 
3-100 

Range(yds) 

Search 
Target 

liS 3(s)p 11-6 

132 S(s)P 11-6 

130 B(s)F 11-6 

Search 
Range 
(yds) 

6 O65 - Jagelevski 3100 

10 065 - Parker 1900 

8 065 - Banford 2150 

SM 

SM 

SM 

2720 

3200 

2710 

SUMMARY OF OCCURRENCE 0? SIGNIFICANT  "?" VALUES ON DISCRBilKAT 

'Sarget IG aad 100 

lother Discriminations 

'Tota.1 laacrlTTilaaaons Calculable 

Istotsi BiscriiEixi£.~ions Observed 

Runs 
[Hot Sic.   5%        IS' 

12 

1*! 

Closest J31scrini3S.Tion Calculable:   6-100 

Observers 
|Not Slg.  5%        ]S" Pot sig.   =j%        14,' 

12 

Ik 

TONS 
Instruments 

12 

14 

A3i EMETIC TEAKS 7 r Sn  T 7 HH BY MSCBDjIKATIOK 

piscrialnatlon   Mean Range (yds )j 

         j.riiv.-jiSTJ.t;  MEANS 7 X 50 X 7 HH BY DISCRIKIKA 
Discrimination   Mesn Bange (yds) (Discrimination    Mean Range (yds) 

1-100 

1-PI 

3-0 

3-100 

3-PI 

K-G 

4-100 

6S00 

*3l£> 

2333 

3010 

2383 

1560 

2800 

1833 

4-Pi 

5-G 

5-100 

5-PI 

7-G 

7-100 

7-PI 

WOO 

2203 

1530 

1900 

1610 

310 
RESTRICTS 

If 

APPENDIX C 

DATA      0«      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

SET    vz-l 

7x50x7 HH 

7x50x10 HH 

6x42x12 HH 

Tn3tr""ft"t3 

BT0826 

"B" 

Position 90% RRP 50% RRP 

varied 

varied 

varied 

73.0 

80.0 

TO 

100.0 

100.0 

94.0 

Target  Search 
3-100   Target 

Range(yds)  

Search 
Range 

7* 

76 

79 

B(1)X 

B(l)X 

B(l)X 

10-9 3 210 V Griffin 2950 SC 

10-9 5 210 - Lee 1950 SC 

10-9 8 210 V Ross 1»580 SO 

2720 

4150 

„.„_ „„., vi,nES ON nTgnaTMTNATIONS 

rr„0y pg QCCTggEKCg OP SWm^-^f^^Srr-ZnZ 
iNQt Slf 

Target IG and 100 

3ther Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

7-PI 
Blosest Discrimination Calculable: 

RESTRICTED 
Ul 
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FIELD TESTS OF  OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

^ 

DATA       ON       RUNS       FOR 

SUMMARY OP INSTRUMENTS 

SET Wz-2 

Instruments Position 9056 RRP bo£ RRP 

1. 7x50x7 HH varied 76.0 100.0 

2. 7x50x10 HH BT6826 varied 79.0 95.0 

3- 6x42x12 HH "B" varied 80.0 88.0 

5. 

6. 

Runs Slault. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer    Target 

Sect. 2   3-100 
 Range(yd3) 

SearchSearch 
Target   Range 
 (yds) 

85 B(1)X 

87 B(1)X 

90        B(l)X 

10-10 

10-10 

10-10 

210 

210 

210 

Ross 

Lee 

Griffin 

2280 

i4oo 

3250 

SC 

SM 

SC 

2400 

2300 

3^20 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

{Not Slg. 5^   lg 

'Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs Observers 
iNot Slg. 5^   yj bot Slg. 5S   lit 

Idosest Discrimination Calculable: 7 PI 

Instruments 

9 

9 

{Discrimination Mean Range (yds) 

1- G 6627 

1-100 5900 

1-PI 4483 

3-G 3320 

3-100 2310 

3-PI 1530 

ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
{Discrimination Mean Range (yds) 

7-G       2383 

7-100     2177 

7-PI      1667 

luiscrlmlnatlon Mean Range(ydsj| 

312 RESTRICTED 

APPENDIX C 

total Discriminations Calculable 

Total Discriminations Observed 
  

:ios83t Discrimination Calculable:   r    • > 

Discrimination    Mean Range (yds) Plscn ^^ ^-G^ ^ 

L 

l-G 
1-100 
1-PI 

3-0 
3-100 
3-FI 

4-0 
4-100 
4-Pi 

A-0 
A-100 
A-PI 

12250 
12130 
11750 

12580 
toaan 

10030 

12500 
10970 

9160 

12460 
12210 
4043 

12t>40 
12460 
8346 

E-G 
E-100 
E-PI 

RESTRICTED 
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FIELD TESTS  OF  OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA       ON      RUNS      FOR       SET    o(l)A 

SUMMARY OF INSTRUMENTS 
Instruments Position 90$ RRP 50$ RRP 

1. 7x50x7 HH 10 86.0 100.0 

2. 7x50x7 Mon. 11 92.0 100.0 

3.10x50x7 HH 12 93.0 102.0 

1. 

5. - 

6. 

Runs Slmult. 
Set 

Date 
RANGES 

No. on 
Date 

Course  Wind Observer 
Sect, a' 

Target 
3-100 

Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

11-23 

11-23 

11-23 

W Saidikovski 9150 

W Vedovato 10300 

W    Bombard    11100 

Target IG and 100 

Other Discriminations 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
 1 sr^r: < — •  

[Not Slg. 5$   1$ 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 

2 

16 

28 

15 

Observers 
Not Slg. 5«   1$ Hot Slg. 5%   1% 

2 

22 

28 

15 

[Closest Discrimination Calculable: F-PI 

Instruments 

2 

22 

28 

15 

ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION  .....4 .....:.^i.^ i-ianiu i   x.  3U X Y HH BY DISCRIMINATION  
Discrimination Mean Range (yds) Discrimination Mean Range(yds) [Discrimination Mean Range (yds j| 

1-G 
1-100 
1-PI 

3-G 
3-100 
3-PI 

1-G 
1-100 
1-PI 

A-G 
A-100 
A-PI 

12100 
11727 
10133 

II677 
11113 
9516 

11510 
10593 
9167 

10327 
9983 
5277 

9-G 
9-100 
9-PI 

C-G 
C-100 
C-PI 

D-0 
D-100 
D-PI 

10-G 
10-100 
10-PI 

10073 
9700 
896O 

1050 
3110 
2970 

2850 

10850 
10283 
9333 

E-G 
E-100 
E-PI 

F-G 
F-100 
F-PI 

6900 
6710 
2627 

2700 
2567 
1783 

311 
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APPENDIX C 

Instruments 

DATA  ON  RUNS  FOR  S E T bS 

SUMMARY OF INSTRUMENTS 
Position 

7x50x7 HH 

7x50x7 Mtd. 

7x50x7 VFA 

90$ RRP 50$ RRP 

11 

12 

10 

78.0 

91.0 

99.0 

100.0 

108.0 

117.0 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
CourseWind Observer Target 

Sect,   s' 3-100 
 Range(yds) 

Search       Search 
Target       Range 
 (yds) 

12-8 

12-8 

12-13 

Foley 

Farone 

Milling 

12150 

15200 

10600 

Runs Observers Instruments 
Not Slg.   5% 1* Not Slg.   556        1% Not Slg.  5*        1* 

Target IG and 100 

Other Discriminations 23           1 21 23        1 

Total Discriminations Calculable 

Total Discriminations Observed 

21 

33 

21 

33 

2k 

33 

Closest Discrimination Calculable:     F- FI 

DiscriminationMean Range(yds) 

A-G 
A-100 
A-PI 

0-0 
#^_l Art 

t-PI 

9-0 
9-100 
9-PI 

B-G 
B-100 
B-PI 

lOblO 
10150 

6833 

12613 
1 llOOT 

11820 

13217 
12550 
11077 

9750 
9370 
SOSO 

C-G 
c-100 
C-PI 

D-G 
rvjoo 
D-PI 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-ri 

5253 
1223 
2917 

1733 
1(227 
i800 

12937 
12650 
11093 

3177 
281=1 
1150 

»BTTOMBTTC  MEANS  I  -  SO 1 MM gSf    I I 
Ln Range yds) Discrimination   Mean Rangetyo^ pan 

RESTRICTED 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 

DATA      ON      RUNS      FOR      SETcG 

SUMMARY OF INSTRUMENTS 
I Instruments Position 90* RRP 50* RRP 

a. 7x50*7    HH 10 77.0 100.0 
o% 7x50x7 Mon. 12 81.0 92.0 

3. Naked Eye 11 72.0 84.0 

4. 

5. 

6. 

Runs Sisult. 
Set 

Date No. on 
Date 

RANGES 
Course  Wind Observer 

Sect, g1 
Target 
3-100 

Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

10 

11 

12-15 

12-13 

12-13 

Anderson 

Hughs 

Staton 

9200 

14000 

12700 

Target IG asd 100 

Otter* DiscriEicatic-as 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINAT 
. Runs 
Mot Slg.   5% 

Total Discrinlcatiocs Calculable 

Ec-tai Bisc-rlmic&ttons Observed 

m: 
2 

23 

32 

36 

Observers 
IONS 

iNot sig. *>4      ij 

2 

29 

33 

36 

Closest Discrimination Calculable: 10-PI 

Instruments 
(Not Sie. W 

2 

29 

"IT 

33 

3D 

 ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION ^_ 
IB£scrimina.tioa Mean Range(yds; Discrimination Mean Range (yds) piscrlmlnation Mean Range(yds 

3-£:c 
?-Pi 

4-0 
4-ICC 
"-BZ 

A-3 
A-1C0 
A-PI 

12650 
USOO 
UI67 

13317 
12460 
10600 

13777 
13150 
11167 

9783 
§017 
5583 

b-G 
6-100 
6-PI 

7-0 
7-100 
7-PI 

9-0 
9-100 
9-PI 

B-G 
B-100 
B-PI 

13223 
12583 
102t>7 

•)6tM 

t».Ü.' 

•>4SM 
ihn \ 

wot. 

C-G 
c-100 
C-PI 

D-G 
D-100 

10-G 
10-100 
10-PI 

6233 
4S<^ 
37ÖÖ 

64jU 
514 S 
3130 

12900 
11967 
9<m 

«a- 
ssör?i;Tsr 

APPENDIX C 

DATA      ON       RUNS       FOR      SETcO. 

 SUMMARY OF INSTRUMENTS  
Instruments Position 90% RRP 50% RRP 

1. 7x50x7 HH 10 78.0 100.0 

2. 7x50x7 Mon. 12 90.0 100.0 

3- Naked Eye 11 62.0 84.0 

t. 

5- 

6. 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course  Wind Observer   Target 

Sect, q1    3-100 
 Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

11-21 

11-21 

11-21 

W 

W 

w 

Bridges 

Phillips 

Klooz 

13700 

13100 

12730 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg. 5%   I* 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 

33 

38 

44 

. Observers 
INot Slg. •& m 

Instruments 
pot Slg. 5%" 

1 

36 

38 

44 

w. 
2 

32 

38 

44 

Closest Discrimination Calculable:  E-PI 

ARITHMETIC MEANS 7 x 50 x 7 I 
Discrimination Mean Range(yds) Disc .rlminatlon 

1-G 17627 6-G 1-100 17110 
1-PI 14283 6-100 

3-G 17087 6-PI 
3-100 16920 
3-PI 13267 7-0 

7-100 

4-G 17087 7-PI 
4-100 16920 
4-PI 18827 9-G 

5-G 17087 9-100 

5-100 16920 9-PI 

5-PI 131*3 
B-G 

A-G 16860 B-100 

A-100 16860 B-PI 
A-PI 7033 

HH BY DISCRIMINATION 
Mean Range(yds) piscrlmlnation   Mean Range(yds) 

16803 
16803 
11300 

11333 
11267 

9133 

15427 
13687 
9837 

13033 
12950 

4650 

C-G 
C-100 
C-PI 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

E-G 
E-100 
E-PI 

12217 
12153 
5350 

9817 
6177 
3367 

14700 
13177 
7950 

8310 
7750 
2250 

RESTRICTED 
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^^rl FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-J+6 

S E T   kD 

1.  7x50x7 HH 

Instruments Position 

7 

90% RRP 

85.0 

50$ RRP 

100.0 

2.  7x50x7 Mon. 9 84.0 96.0 

3.  10x50x7 HH 8 81.0 95.0 

4. 

5. 

6. 

RANGES 
Runs Slmult. 

Set 
Date Ho. on 

Date 
Course Wind Observer 

Sect, d1 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

7 12-8 2 W Roark 16650 

8 12-8 3 W Nauman 10000 

9 12-13 4 Vedovato 13220 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers In3trume nts 

Not SIR. 5* 1% Not SIR. 5%   1% Not SIR. 5$ .  1% 

Target IG and 100 

Other Discriminations 

2 

15   12 4 

1    1 

26    1»    1 

2 

29    2 

Total Discriminations Calculable 

Total Discriminations Observed 

33 

36 

33 

36 

33 

36 

Closest Discrimination Calculable: F-PI 

 ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION  
Discrimination Mean Range(yds) Discrimination Mean Range(yds) (Discrimination Mean Range(yds) 

1-G 
1-100 
1-PI, 

3-G 
3-100 
3-PI 

4-G 
1-100 
It-PI 

A-G 
A-100 
A-PI 

16150 
15767 
14667 

I6060 
15827 
12453 

16060 
15827 
13610 

12560 
12360 
8427 

6-G 
6-100 
6-PI 

9-0 
9-100 
9-PI 

B-G 
B-100 
B-PI 

C-G 
C-100 
C-PI 

I6O6O 
15827 
13377 

13877 
13373 

9600 
9600 
6983 

5367 
5367 
3803 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-PI 

4483 
4443 
2833 

13483 
13290 
11150 

2900 
2697 
2360 

318 RESTRICTED 
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APPENDIX C 

DATA       ON      RUNS      FOR      SET k(l)G 

SUMMARY OF INSTRUMENTS 

1. 7x50x7 HH 

Instruments Position 

1 

90% RRP 

78.0 

50% RRP 

100.0 

2. 7x50x7 Mtd. 2 94.0 113.0 

3- 10x50x7 Mtd. 3 99.0 118.0 

4. 

5. 
• 

6. 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
Course      Wind Observer 

Sect,  g1 
Target 
3-100 

Range(yds) 

SearchSearch 
Target       Range 
 (yds) 

12-8 

12-13 

12-8 

Staton 

Anderson 

Hughs 

13880 

13880 

10250 

SUMMARY OF  OCCURFENCE OF SIGNIFICANT  "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not SIR,   ji        1% 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Not SlR~ 5%        Vf> 

25 

33 

36 

Observers Instruments   :   , 
Hot SIR.  5%        1% 

2 

31 

33 

36 

2 

29 

33 

36 

Closest Discrimination Calculable:   F-PI 

DISCRIMINATION ßffHWMKTTn  MEANS 7 X 50 X 7 HH BY ~* --'-•• — 
Discrimination    Mean Range(yds) [Discrimination    Mean Hanget?.», 

1-G 
1-100 
1-PI 

3-G 
3-100 
3-PI 

4-G 
4-100 
4-Pi 

A-G 
A-100 
A-PI 

17343 
16070 
14283 

17287 
16593 
12083 

17287 
16593 
12050 

11993 
9160 
8093 

±vii  - 1    , 
Discrimination   Mean Range(yds 

6-G 
6-100 
6-PI 

9-G 
9-100 
9-PI 

B-G 
B-100 
B-PI 

C-G 
C-100 
C-PI 

17177 
16393 
11423 

12600 
10877 
9583 

8493 
7927 
6070 

3817 
3167 
2667 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-PI 

3350 
2633 
2223 

14267 
12670 
11727 

2733 
2260 
1583 
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DATA      ON      RUNS      FOR      SETBE 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

1. 7x50x7 HH 4 79.0 100.0 

2. 6x33x8 Mon. Mtd. 6 103.0 112.0 

3. 4x28x10 Mtd. 5 95.0 104.0 

4. 

5. 

6. 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect, e1 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

4 11-23 1 W Anderson 8350 

5 11-23 2 W Barberio 11650 

6 11-23 3 W Brau 9200 

Target IG and 100 

lother Discriminations 

SUMMARY OF OCCURRENCE OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
1 Runs 
Not Slg.   5<T 

Total Discriminations Calculable 

Total Discriminations Observed 

HE 
2 

35 

44 

45 

Observers 
INot Slg. 5%   14 

.   Instruments 
hot Slg. 5%   1% 

2 

36 

44 

15 

2 

39 

44 

45 

Iciosest Discrimination Calculable: G-100 

ARITHMETIC  MEANS 7  X -SO  T 7 HH BY DTSnUTMTUfnT«»   .,  ...  .-.w^.,,.,   1   *  -ju *•   1  nn ai  UiaUHIMIHATION  
Discrimination    Mean Range (yds) [Discrimination    Mean Range (yds) pi3crlmlnatlon    Mean Range (yds )| 

1-G 
1-100 
1-PI 

3-G 
3-100 
3-PI 

4-0 
4-100 
4- PI 

A-G 
A-100 
A-PI 

13400 
13317 
125*3 

13937 
13417 
10593 

13450 
13333 
10417 

13250 
13133 

4143 

9-G 
9-100 
9-PI 

C-G 
C-100 
C-PI 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

IH83 
10043 
7917 

4817 
3517 
2817 

3210 
2783 
2250 

10777 
9733 
7927 

Discrimination Mean Range(yds) 

E-G 6216 
E-100 4117 
E-PI 2167 

F-G 3020 
F-100 2650 
F-PI 1643 

320 RESTRICTED 

APPENDIX C 

DATA       ON       RUNS       FOR      SETmJ 

SUMMARY OF INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

7x50x7 HH 4 82.0 100.0 

6x33x8 Mon. Mtd. 6 84.0 93.0 

4x28x10 Mtd. 5 84.0 93.0 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course  Wind 

10 

11 

12 

12-15 

12-13 

12-13 

Observer 
Sect, j' 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

Parker 8700 

Pauli 16900 

Meadnis 15450 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

. Runs 
INot Slg.   5%~ 

Total Discriminations Calculable 

Total Discriminations Observed 

3E Not Slg.   5%        l4 

13 

2 

11 

33 

36 

Observers Instruments 
Mot Slg.   5%        1%   : 

2 

26 

33 

36 

2 

28 

33 

36 

Closest Discrimination Calculable:   10-PI 

[Discrimination    Mean Range (yds) 
ARITHMETIC  MEANS 7 X  50 X 7 HH BY DISCRIMINATION  
in Range (yds) |Dl3crimlnatlon   Mean Range (yds)  Discrimination    Mean Range (yds 

1-G 
1-100 
1-PI 

3-G 
3-100 
3-PI 

4-G 
4-100 
4-PI 

A-G 
A-100 
A-PI 

15767 
14850 
12827 

15367 
14800 
10467 

14867 
14633 
10900 

8400 
8300 
5317 

6-G 
6-100 
6-PI 

7-0 
7-100 
7-FI 

9-G 
9-100 
9-PI 

B-G 
B-100 
B-PI 

15067 
14733 
10700 

10967 
10083 
7367 

13177 
. 13963 

10910 

7433 
6933 
4093 

C-G 
c-100 
C-PI 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

6560 
6000 
4333 

6393 
6000 
3017 

14567 
13683 
10783 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1)6 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 
Instruments Position 

S E T    OH 

903S RRP 5056 RRP 

1. 7x50x7    HH 

2. 10x80x7    Mtd. 

3. 6x50x7    Mtd. 

4. 

5. 

6. 

00325 

A1012 

75.0 

98.0 

82.0 

100.0 

108.0 

90.0 

RANGES 
Runs Slmult. 

Set 
Date No.  on 

Date 
Course      Wind Observer 

Sect,  h' 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

10 12-15 1 - Bombard 7800 

11 12-13 2 - Farone 15800 

12 12-13 3 Calloway 16500 

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR: 5% 1* Not Sig.  5%        1* Not Slg.   5%        1* 

Target IG and 100 

Other Discriminations 

1 

17       7 

1 

7 

1        1 

23        6          1 

1        1 

26     3          1 
Total Discriminations Calculable 

Total Discriminations Observed 

33 

39 

32 

39 

32 

39 

Closest Discrimination Calculable: F-PI 

 ARITHMETIC MEANS 7 X  50 X 7 HH BY DISCRIMINATION      
Discrimlnatlon    Mean Range(yds)  Discrimination    Mean Range(yds) (Discrimination    Mean Range(yds) 

1-G 
1-100 
1-PI 

15333 
15633 
12117 

3-G 
3-100 
3-?I 

15260 
li(567 
11210 

t-G 
4-100 
4-Pi 

11(900 
13767 
10583 

A-G 
A-100 
A-PI 

8767 
10067 

8233 

7-G 
7-100 
7-PI 

9-G 
9-100 
9-PI 

B-G 
B-100 
B-PI 

C-G 
C-100 
C-PI 

8567 
8217 
6333 

13167 
121)00 
10917 

8750 
8600 
6167 

8567 
7800 
1)983 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-PI 

676O 
7183 
4933 

13883 
13367 
10350 

5397 
5070 
3500 
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APPENDIX C 

DATA      ON      RUNS      FOR      SEToL 

SUMMARY OF  INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

1. 7x50x7   HH - 1 82.0 100.0 

2. 10x80x7    Mtd. - 2 108.0 125.0 

3- 6x50x7    Mtd. A1012 3 81). 0 10l).0 

1). 

5. 

6. 

RANGES 
Runs Slmult. 

Set 
Date No. on 

Date 
Course  Wind 

11-23 

11-23 

11-23 

Observer 
Sect.    I1 

Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

Jagelewski 11700 

Atchison 111(00 

Hughs 11500 

SUMMARY OF OCCURRENCE OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 

Target IG and 100 

Other Discriminations 

Not Slg.5$ l£ 

Total Discriminations Calculable 

Total Discriminations Observed 

Runs 
Tint Slg.   5%        1%    itot Slg,,5»       U 

2 

27 

32 

32 

Observers 

2 

26 

32 

32 

Instruments 

2 

27 

32 

32 

Closest Discrimination Calculable:   G-100 

ARITHMETIC  MEANS 7  T ^"  x 7 HH BY t 
nTSCRTMINATION 

 ARITHMETIC   MF.ANS   7   X   ill   I   [    ""J"   ^777 MM 
[Discrimination    Mean Range(yds)  Discrimination   Mean Range(yds, 

1-G 
1-100 
1-PI 

13633 
13350 
12127 

3-G 
3-100 
3-PI 

11317 
13850 
10983 

1-G 
1-100 
4-PI 

11233 
13700 
10467 

A-G 
A-100 
A-PI 

13350 
12700 

5783 

Discrimination   Mean Range(yas; 

9-G 
9-100 
9-PI 

C-G 
C-100 
C-PI 

D-G 
D-100 
D-PI 

10-G 
10-100 
10-PI 

11450 
III67 

8267 

5900 
5077 
3233 

456O 
3683 
2583 

12383 
11533 
10417 

E-G 
E-100 
E-PI 

F-G 
F-100 
F-PI 

G-G 
G-100 
G-PI 

7983 
6660 
2617 

3233 
2983 
1717 

1980 
1513 
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FIELD TESTS OP OPTICAL INSTRUMENTS NAVORD REPORT 77-1(6 

DATA      ON      RUNS      FOR      SET   o(l)L 

SUMMARY OP INSTRUMENTS 
Instruments Position 90% RRP 50% RRP 

1.    7^50x7 HH 1 78.0 100.0 

2.  21x76x2.8 Htd.   - 2 84.0, 94.0 

3.     6x50x7 Mtd.  A-1012 3 87.0 96.0 

4. 

5- 

6. 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect.  1' 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

1 11-21 1 W Atchlson 17600 

2 11-21 2 V Jagelevskl 16800 

3 11-21 3 H Hughs 20030 

SUMMARY OP  OCCURRENCE OP SIGNIFICANT "P"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Not SIR.   556 1% Not Si«.   5*        1% Not SIR.   556        156 

Target IG and 100 

Other Discriminations 

1         1 

21        3 1 

1        1 

25 

2 

24         1 

Total Discriminations Calculable 

Total Discriminations Observed 

27 

45 

27 

45 

27 

45 

Closest Discrimination Calculable: F-PI 

DiscriminationMean Range(yds) 
1-G 20050 
1-100 19617 
1-PI 16233 
3-G 20417 
3-100 19650 
3-PI 15577 

ARITHMETIC MEANS 7 X 50 X  7 HH BY DISCRIMINATION 

4-G 
4-100 
4-PI 
5-G 
5-100 
5-PI 
A-G 
A-100 
A-PI 

20^83 
19650 
14977 
20380 
19333 
14017 

19533 
18160 
7750 

Discrimination 
6-G 
6-100 
6-PI 
7-G 
7-100 
7-PI 
o-G 
9-100 
9-PI 
B-G 
B-100 
B-PI 

D-G 
D-100 
D-PI 

Mean Range(yds) 
20017 
18810 
15343 
12043 
11417 
8610 

17567 
16217 
12093 

15743 
11617 
4727 

10477 
10050 
4300 

piscrlminatlon 
10- G 
10-100 
10-PI 
E-G 
E-100 
E-PI 

F-G 
F-100 
F-PI 

G-G 
G-100 
G-PI 

Mean Range (yds)) 
I8767 
18143 
16417 
11660 
10417 
2993 

7867 
7360 
3083 
6227 
6033 

APPENDIX C 

DATA      ON      RUNS      FOR      SETpF 

SUMMARY OF INSTRUMENTS  
Instruments Position 90% RRP 50S6 RRP 

1. 

2. 

3. 

4. 

5- 

6. 

7x50x7   HH 

20x120x3  Mtd- 

25x100x3-6 Mtd. 

6 

4 

5 

74.0 

106.0 

106.0 

100.0 

134.0 

133.0 

RANGES 

Runs Simult. 
Set 

Date No. on 
Date 

Course  Wind Observer   Target 
Sect, f   3-100 
 Range(yds) 

SearchSearch 
Target   Range 
 (yds) 

7 

8 

9 

12-8 2 

12-8 3 

12-13 4 

w 

V 

Saidikovskl 14330 

Parker 9900 

Tucker     15600 

. Runs 
Not SIR. W 

Target IG and 100 

Other Discriminations 

Total Discriminations Calculable 

Total Discriminations Observed 

3£ Hot SIR.   5*        1» 

20 

24 

33 

22 

24 

33 

mm>„ QF OCCURRENCg OF «•TFTCANT -p- Tp OjUMp.^^ 

22 

24 

33 

Closest Discrimination Calculable:   F-PI 

Discrimination 
^s^^^^^s^ 

A-G 
A-100 
A-PI 

6-G 
6-100 
6-PI 

9-0 
9-100 
9-PI 

10800 
10027 

6947 

16817 
15550 
12700 

14167 
13150 
11387 

Discrimination 

B-G 
B-100 
B-PI 

C-G 
C-100 

D-G 
D-100 
D-PI 

DISCRIMINATION  
Ranee(yds) [Discrimination Mean Range(ydsi 

9850 
9427 
5183 

5127 
4333 
3867 

4250 
3633 
3210 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-PI 

13887 
13277 
12037 

3067 
2817 
2227 

324 
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FIELD TESTS OP OPTICAL INSTRUMENTS 
NAVORD REPORT 77-1)6 

DATA       OH       RUNS       FOR       SETpE 

SUMMARY OF INSTRUMENTS 

Runs Simult. 
Set 

Date No.  on 
Date 

RANGES 
Course      Wind Observer 

Sect,   e' 

1 

5 

6 

Target 
3-100 

Range(yda) 

Search- 

Target 

11-23 1 

11-23 2 

11-23 3 

Search 
Range 
(yds) 

W 

W 

W 

Anderson 

Barberio 

Brau 

13800 

18930 

4300 

SUMMARY OF OCCURRENCE OF SIGNIFICANT  "F"  VALUES ON DISCRIMINATIONS 
[ Runs I nhu«i*w^       • r 

Target IG and 100 

[other Discriminations 

Observers 

Total Discriminations Calculable 

Total Discriminations Observed 

|ciose3t Discrimination Calculable 

Pff^^^^SpSäSS«— 1-G 
1-100 
1-PI 
3-G 
3-100 
3-PI 
1-0 
1-100 
1-PI 
5-G 
5-100 
5-PI 
A-G 
A-100 
A-PI 

20593 
19033 
17717 
19793 
19710 
I7W3 
I966O 
19560 
17313 
19710 
19370 
16913 
19560 
18113 
7050 

326 
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APPENDIX C 

DATA      ON      RUNS      FOR 

SUMMARY OF INSTRUMENTS 

S E T   WC 

1.       7x50x7    HH 

Instruments Position 

7 

90% RRP 

83.0 

50% RRP 

100.0 
2.       7x50x10 HH 8 92.0 101.0 

3.       6x12x12 HH 9 91.0 100.0 

1. 

5. 

6. 

RANGES 
Runs Simult. 

Set 
Date No.  on 

Date 
Course Wind Observer 

Sect,    c1 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

1 11-21 3 W Hambrick 10350 

2 11-21 2 W Zachman 17950 

3 11-21 1 W Myers 16750 

SUMMARY  OF OCCURRENCE OF SIGNIFICANT "F"  VALUES ON DISCRIMINATIONS 
Runs Observers Instruments 

Nor SlK.   5% 1* Not Sie.  5*       1% Hot SIR.   5i       1% 

Target IG and 100 

Other Discriminations 15      1* 

2 

11 

2 

39       1 

2 

39       l 

Total Discriminations Calculable 

Total Discriminations Observed 

12 

15 

12 

15 

12 

15 

Closest Discrimination Calculable: G-PI 

l»i3crlmlnatlon    Mean Range (yds) 
ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION 
• ,,   j    .,-,-   • .1     . •—,— *-:     rrTTTT-      tTTTTu   DonoA/viiq     [nisi 

l-G 
1-100 
1-PI 

3-100 
3-PI 
1-G 
1-100 
1-PI 
5-G 
5-100 
5-PI 
A-G 
A-100 
A-PI 

16100 
16100 
16000 
19200 
19017 
I6l60 
19200 
19017 
15720 
18860 
18860 
H7I3 
I8876 
18693 
7027 

Discrimination 
6-G 
6-100 
6-PI 
7-0 
7-100 
7-PI 
9-G 
9-100 
9-PI 
B-G 
B-100 
B-PI 
C-G 
C-100 
C-PI 

Mean Range(yas) 
19200 
19017 
15133 
12293 
118Ö3 
8893 

16917 
16683 
11713 
12000 

9213 
1717 

10833 
10533 

6317 

discrimination 
D-G 
D-100 
D-PI 
10-G 
IÖ-I00 
ie-Pi 
E-G 
E-100 
E-PI 
G-G 
G-100 
G-FI 

Mean Range (yds J| 
7183 
6213 
3710 

15017 
15017 
10760 

5300 
1793 
2360     . 

13233 
13133 
8050 
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-16 

Instruments Position 90* RRP 50% RRP 

1. 7x50x7 HH 8 81.0 100.0 

2. 7x50x10 HH 9 91.0 98.6 

3. 6x42x12 HH 7 92.0 100.0 

4. 

5. 

6. 

RANGES 
Runs Simult. 

Set 
Date No. on 

Date 
Course Wind Observer 

Sect, b' 
Target 
3-100 

Range(yds) 

Search 
Target 

Search 
Range 
(yds) 

10 12 -15 1 - Roark 7700 

11 12- -13 2 - Naumann 16400 

12 12- -13 3 Fllissey 15600 

SUMMARY OP OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS 
Runs Observers Instrume nts 

Not SIR. 5$ It Not Sin. 5«   1* Not Si«. 5% 1* 

Target 10 and 100 

Other Discriminations 

2 

20   8 6 

2 

29   3   2 

2 

32   1 1 

Total Discriminations Calculable 

Total Discriminations Observed 

36 

36 

36 

36 

36 

36 

Closest Discrimination Calculable: F-PI 

, ARITHMETIC MEANS 7 X 50 X 7 HH BY DISCRIMINATION 
Discrimination   Mean Range(yds) Discrimination   Mean Range(ydsj' [Discrimination    Mean Range(yds) 

1-G 
1-100 
1-PI 

3-G 
3-100 
3-PI 

4-G 
4-100 
4- PI 

A-G 
A-100 
A-PI 

15233 
13593 
11150 

14667 
14360 
IO350 

14783 
14360 
10333 

10833 
9567 
6283 

6-a 
6-100 
6-Pi 

7-G 
7-100 
7-PI 

9-G 
9-100 
9-PI 

B-G 
B-100 
B-PI 

14733 
14360 
10333 
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9867 
6417 

13227 
10150 
9500 

12610 
9917 
5733 

C-0 
C-100 
C-PI 

D-100 
D-PI 

10-G 
10-100 
10-PI 

F-G 
F-100 
F-PI 

676O 
6093 
4677 

6l43 
6060 
3410 

13550 
13233 
9967 

2950 
2950 
2033 
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